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Machines replace humans 
to serve humans — page 5 





Spurgeon Automation Unit on 
the test floor of the Spurgeon 
Company at Van Dyke, Mich. 
Note the vital points where 
Clevelands are installed—a 
small unit (20AT) driving the 
feed mechanism and two 
7ZOND units, one at each end 
of the elevator lift. 


Spurgeon automation unit employs three CLEVELANDS 


N a Detroit automotive plant, three Spurgeon units 

automatically elevate, transfer and feed steel bars into 
bar cut-off machines. Top production is gained and hours 
of man power and money are saved by automation. 


Three Cleveland Worm Gear Speed Reducers are em- 
ployed on each Spurgeon unit: Two vertical reducers on 
the mechanical drive that operates the elevator; a third 
Cleveland on the “V”’ Roll Conveyor pushes the rods into 
the bar cut-off machine. 


Automation and Cleveland Worm Gear Speed Reducers 
go hand-in-hand. Precision matching of case-hardened 
steel worms to nickel-bronze gears insures 100% de- 
pendability. And, the compact, right-angle Cleveland 
design saves space and makes installation easy. 


Find out what Cleveland can do for your operations be- 
fore you buy. Catalog 400 gives the story. The Cleveland 
Worm and Gear Co., 3279E. 80th St, Cleveland 4, O. 


Affiliate: The Farval Corporation, Centralized Systems of 
Lubrication. In Canada: Peacock Brothers Limited. 


CLEVELAND 
Seed Feductu- 
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Drive Package Provides 
Infinitely Adjustable Speeds from 
AC Power Source 


CONTROL i CONTROL 
PANEL a) STATION 


The complete Dynamatic power package includes all components 
required to provide infinitely adjustable speeds from an alternating 
current power source. A Dynamatic Ajusto-Spede® or Dynaspede' ————— 
Drive, with electronic control and pushbutton station, satisfies the [YNAMAT|[, 
requirements of almost any application where proper machine Yoo 
operation or material processing depends upon control of operating 


AJUSTO-SPEDE DRIVE 
speeds. 


The compact control panel may be remotely mounted to conserve 
valuable space on the driven machine. The pushbutton station at 
the operator’s position puts vital controls conveniently at the 
operator's fingertips and requires a minimum of space. 


Speeds are infinitely adjustable from 0 RPM to full output speed, 
and accurate speed regulation may be obtained from 100 RPM to 
full output speed. 


Ajusto-Spede® Drives, available in ratings of 14 horsepower to 75 
horsepower, are air-cooled. Dynaspede® Drives, rated from 3 to 
75 horsepower, are liquid-cooled. Raise your productive efficiency 
with Dynamatic eddy-current units, 


Send for Illustrated Literature Describing 
Dynamatic Adjustable Speed Drives 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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Typical Tensile Properties of Armco PH 15-7 Mo Sheets in Condition RH 950 


15 F 


600 F 


800 F 


1000 F 





Ultimate Strength, psi 240,000 
0.2% Yield Strength, psi | 215,000 
Elongation, % in 2” 6 
Hardness, Rockwell C48 





205,000 
178,000 
) 


182,000 
152,000 


130,000 
105,000 
14 











NEW Armco PH 15-7 Mo Stainless Steel offers 
typical ultimate tensile strength of 240,000 psi 


Exceptional tensile properties — excellent strength up to 1000 F — commercially available in all forms. 


Armco PH 15-7 Mo Stainless Steel was especially developed 
as an aircraft metal—to withstand friction-generated heat 
and the racking stresses of high-speed flight. But its unique 
properties make it worthy of consideration for other prod- 
ucts or parts that require exceptional strength and corrosion 


resistance, 


Unmatched Combination of Properties 


¢ High mechanical properties. Typical ultimate tensile strength 
of 240,000 psi at 75 F in sheet, strip, thin-gage strip; 
guaranteed minimum tensile strength of 225,000 psi. 


¢ Unusually high strength-weight ratios. 


* Better creep strength from 600 to 1000 F than any other 
metal sheet or foil. 


« Excellent short-time tensile properties to 1000 F. 
* Easy to fabricate. 


¢ Simple heat treatment that minimizes distortion — speeds 
production. 


¢ Good corrosion resistance. 


pRMCO 
\//@ 


SHEFFIELD DIVISION = 


ARMCO DRAINAGE & METAL PRODUCTS, INC 


Available Now in All Forms 


New Armco PH 15-7 Mo is commercially available in thin- 
gage strip (foil), strip, sheet, plate, bar, wire, and billets. 
It is the most recent addition to Armco’s family of high- 
strength precipitation-hardening stainless steels. Others are 
Armco 17-4 PH and 17-7 PH. 

© e . 
For more data about new Armco PH 15-7 Mo 


room and elevated temperatures, available sizes, and gages. 


properties at 
heat treatment, and fabrication techniques—just fill in and 
mail the coupon. We will send you the new Armco folder on 


this special stainless grade. 


[ ARMCO STEEL CORPORATION 
2237 Curtis Street, Middletown, Ohio 


Send me your folder on new Armco PH 15-7 Mo Stainless Steel 
Name 
Firm 


Street 


ARMCO STEEL CORPORATION 


2237 CURTIS STREET, MIDDLETOWN, OHIO 


* THE ARMCO INTERNATIONAL CORPORATION 
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W ater-sealed 
jack 


High-temperature 
plug 


Three-circuit 
phone plug 


Two-circuit 
phone plug 


Telephone 
extension jack 


Switchboard 
telephone jack 


Short-frame 


“junior” jack Infant jack 


Serving Industry with These Products: 
Electromechanical Resistors @ Switches © Tuning Devices © Vibrators 
Electrochemical Capacitors® Mercury and Zinc-Carbon Batteries 


Metallurgical Contacts © Special Metals © Welding Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 


kor jacks 


and plugs— 
make it 


MALLORY! 








Whene ver you need a jack and plug for 
use In telephone, radio, communications, 
hi-fi sets, laboratory equipment either 
commercial or military _ it pays to look 
through the variety of standard Mallory 
designs. All are built for quality . . . engi- 
neered by Mallory specialists with long 
experience in designing special components, 
and manufactured to highest standards of 
precision by Mallory methods that assure 
absolute dependability. 


Some typical Mallory jacks and plugs are 
shown here. If you don’t see the exact type 
you need for your product, we may have 
a standard model that will match your 
requirements. Or if you need something 
special, our staff is well qualified to design 
the model you need...and produce it 
economically to specifications. Write or 
call for a consultation. 


Expect more...get more from 


MALLORY 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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How to obtain help 


when vou design bevel vear assemblies 


e men who designed the gear reducet Here is what the cu tomer in turn tested in the final product 


or the cooling tower fan shown above Gleason engineers developed Our engineers can also help you select 


were assisted in many ways by Gleason \ spiral bevel drive of 19 x 76 com proper mountings for such gear assem 


engineers bination and 2.5 DP. With spiral bevel blies and advise you on such details 
Cooling tower fan operation is genet gears the tooth bearing ts localized which is lubrication 

illy recognized to be one of the most issures smooth and quiet Operation and If vou would like to take advantage of 

evere tests to which a gear reducer can permits some mounting deflections with this service, write 

he subjected. These towers demand a out concentrating the load dangerously have 


us the next time you 
1 problem involving bevel or 
year system that can operate twenty near either end of the tooth hy poid 


gear systems. Furnish data 
four hours i day three hundred ind The use ol this real desi 


on a covering type of application, loads and 
sixty-five lavs a vear uf necessary illowed the flexibility required to fit the peeds and prints of the mountings. We 
The gear reducer ts subject to heavy fan unit into the over-all design of thi would be pleased to 


assist you un the 
ids and lies in the path of moist, cor tower and to produce in economical 


election of your gears 

r streams. self-contained unit which requires littl Meanwhile, you may find these 

or no maintenance Gleason Technical Handbooks helpful 
Next, our engineers produced and tested n vour work 

prototypes of the design which the cus 20° Straight Bevel Gear Svstem”’ 

Spiral Bevel Gear System 


. re VE rear System” 
ZEROL Bevel ( 


GLEASON WORKS 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 





Interesting to Note... . (continued) 


: hi h bby \ he mice 


said, “By just listening to an 
engine running I could tell what was the matter with it 
ind how it could be improved.” He developed the Allison 


engine to a high degree of perfection but, “I was abl 
to go just so far. Then I thought of Ronald Hazar, a 


lleg eraduate 1 irch worker at General Motors | 
isked the mpany t let him take over the design of 
the Allison engine. He did. We both knew engines but 
knew a lot more besides. That why he was able to 


ngine to perfection so rapidly ; 


ee 
2 
vo} 
= 
5 
a 





B it th t t century, a man in St 
Louis hac ist secured the contract for cleaning out 
| the rail irs at the freight depot. This unknown 
fellow had no experi t this type of work, but re 
1 that h h to blow air through a hose and 
thin a f t the dirt w xe blown t of 
t HH ‘ vorked fairly well, but afte end 
k hing and wh ig ina tual dust 
id had his mech m 
th t] h th Th ude system worked 
tt f the f industrial vacuum 
me ! test tv] pictured on page 92, clean 
nways { t aircraft 
About 10 1 t Murray Spangler, initor in a 
ge Canton, O tment store, found a way to 
t t t from tl pet he was cleaning. He 
t K an ectrTl tan ft | vide suction, and added a 
tating, sweeping brush driven by the fan motor—creat 
ng a portable st 1 sweep By attaching his wife’s 
pillow slip behind the fan, he accidentally solved one of 
the greatest difficult in vacuum cleaner mechanics 
itching the dirt 
Spang th ht his gadget might be commercial, so 


he took it to some friends who operated a saddlery and 


! interested and asked theit 


iarness plant. They became 
son, a traveling salesman, to try and sell the item. He 
did and found it very commercial indeed. The father and 

yn manufactured the brush-driven cleaner and an indus 


try was born. Their name—Hoover 


Air for Sale 


Perhaps the most disastrous display of air power is 


the typhoon. And never was the force of a typhoon more 


dramaticalh nprinted on the pages of history than 


when the ma fleet of Kublai Khan left China’s main- 
land in 1281 to invade Japan. The small Japanese island 

yuld ha fallet isy prey to the Golden Horde had it 
not been for a great typhoon which blew up from the 
( na Sea and practically destroyed the entire force 


[he Japanese wind God, Fujin, again came to the 
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iid of Japan in mid-D n 1944. When Ad 


Halsey’ hird Fleet withdrew aft ittack I ! 
in intense¢ typh on im vitl t irning ‘ t 

the US fleet. The storm wa ent that three shiy 
were sunk, 22 damaged; 146 plane 

board: 790 lives Vere | t m rth 


Navy, forced indefinite abandonment of the then-p 


American invasion of the Philippir 


Air harnessed as a control for p \ vas d 
cussed in the October 14 7 
cant is treated on pag ) of th ie. Mar irs ag 
in Holland, air for powering windmill 1 only b 
btained by purchasing it from a wealthy | 


claimed the air was hi 

This baron p spered t 
found that his mill went right on worki ft 
forgot t y his monthly 


DRAFT 
[BOARD 





The sounds f jets h 


ltzkened to the tificial wail of Stuk bon 
ibout to unleash its terror. As a psycholog ly 

the Germans were expert n the I 

bombs, screaming Min On thi ft 
sound was used t itch ft 


One of the easiest wa' 


have his file stamped 4-F used t f f 
ness. There was little a draft board d if a t 
healthy-looking lad kept saving, “Pardon 
speak a little louder?” Certainly, the A 
1 soldier with a hearing impediment. B 
tell if a person is really deaf o1 ist | k I 
way out? 
If a reasonable doubt existed as to a draf 
facilities, he was ushered into a long row 
chamber. It was dark insi t f 
around an overhead a Lh \ t 
simply to walk through the black 1amb 
eves were being checked for night-vision. A 
slowly along, a pair of eyes watched him \t 
certain point within the chamb 1 | 
produced by a sound-effect record. If t t 
icted by either turning his head t t 
or by rapidly trying to avo t—1-A 
Ihis test used sound to advantag M f 
unwanted and becomes noi How iall ¢ n 
arc quieted is the ib t of an articl 


Benepicr A LEERBURGER j 
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STEMCO THERMOSTATS 


the complete /ine for appliance and apparatus use 


TYPE M* 





The best way to check rising 
thermostatic control costs is to 
check up on the Stemco ther- 
mostat line while your product 
is in the planning stage. Since 
the Stemco line is the broadest 
line in the industry, there is a 
good chance that a standard 


THERMOSTATS 


*Refer to Guide 400 EO for U.L. and C.S.A. approved ratings. Patent Applied For. 





TYPE H 


production-line Stemco thermo- 
stat—or a minor variation 
thereof—will fill your special 
requirements exactly. That 
saves design and “‘lead”’ time... 
saves on development costs 
..+ gives a proven unit at a 
realistic cost. AA-6294 





TYPE R* 








| STEVENS | manufacturing company, im 


Lexington and Mansfield, Ohi 





Developments 





to Watch 


GRAPHITE FOR MACHINE PARTS? 


. . Horizons, Inc 
carbide which, it 

ibility of graphite, while pi 
silicon carbide. Cost is not expe 
Dr. Morris A. Sternberg, might make 
inserts in molds for casting aluminum 


nuclear reactor parts. Other applica 


COATINGS THAT ARE TOUGHER, MORE FLEXIBLE... 
and better able to resist alkalis ar 
Laboratories hey’ re mixture 
nylon-type) compounds; at 
of both—hardne 
polyamides Ihe 
and solvents like t 


in resistance to Vv 


SIZE RESTRICTIONS CAN BE REMOVED . 
from vacuum 
W orks proves 
clia., are be hg 
ire more duct 


} 
less sensitive to 


GAS BURNERS FOR ELECTRIC POWER? .. . 


. Bell Labs thinks it’s a possibility 


] 


low and long-time unattended operation 


working on thermoelectric generators 
to provide power for tel 
as a fuel tank, and woven 
and constantan, convert the 

An example is the device pictur 
requirements are amazingly low sel] ) vs “the heat required is only a little 
more than that produced by an ordinary candle her advantage There are 
no moving parts, operation is noise-free, no electrical stor $1 d. However 
burner design is extremely important (all fuel must b nsumed without 


for excess air, and heat must be distributed proj 


(Another novel power source was described in tl 


Thermoelectric heater . . . 
mounted in telephone pole (right), 
supplies power for rural carrier sys- 
tem. Device is still experimental, 
but Bell Labs believes it can be put 


to practical use 








No matter how they sliced it, 


RUBBER dulled their 


The skiving knives used by a rubber proc- 
essor had a short service life because rubber 
is highly abrasive. The disk-shaped blades 
had to be re-sharpened after each working 
shift, resulting in costly down time. 

By Flame-Plating the knives on one side 
with tungsten carbide, their service life was 
increased 15-fold. Also, the knives gained 
the advantage of a self-sharpening effect: as 
the uncoated steel side wears more rapidly 
than the coated side, a sharp edge is alw ays 
presented to the material being cut. 

Flame-Plating is LINDE’s special process 
for coating metals with a very hard and du- 
rable surface. By this method, tiny particles 
of tungsten carbide or aluminum oxide are 
literally blasted onto almost any metal sur- 
face. Most important, the temperature of 
the part seldom exceeds 400-degrees F., so 
there is little or no chance of changes in the 
shape or metallurgical properties of the part 
being coated. Flame-Plated coatings can be 
applied from .010 to .002 inches thick, and 
finished to 0.5 microinches rms, 


SKIVING KNIVES 





The machinery and 
equipment you use to 
fabricate rubber can 
have its service life 
greatly extended at crit- 
ical points of wear by 
Flame-Plating. For 





more information, write 








for a free copy of the booklet, “Flame-Plat- 
ing,” F8065. Address Flame-Plating Dept., 
LINDE COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 
17, N. Y. Offices in other principal cities. 


In Canada: Linde Company, Division of 


Union Carbide Canada Limited. 


inde 


The terms “Linde” 


Tile). 


TRADE-MARK 


and “Union Carbide” are 
registered trade-marks of 
Union Carbide Corporation. 
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Dspecify OFIMITE’ relays 
where dependability 
is a must! 


OHMITE RELAYS provide the same traditional dependability 
that electronic engineers in industry have come to expect of Ohmite 
components. Ohmite all-purpose relays have proved their excep- 
tional ruggedness and long life in years of service. Four popular 
stock models — DOS, DOSY. DO, and CRU, in 65 different types, 
are available. Models DO and DOS fill many industrial needs for a 
compact, lightweight relay that handles power loads usually requir- 
ing much larger, heavier units. They are particularly adaptable to 
aircraft and mobile equipment where severe shock and vibration are 
encountered. The increased operating sensitivity of Model DOSY 
relay, equipped with twin coils, makes the DOSY adaptable to a wide 
range of electronic control circuits, such as plate circuit controls, 
At 115 VAC or 32 VDC, noninduciive load, Models DOS and DOSY 
have contact ratings of 15 amp; Model DO, 10 amp; and Model 
CRU, 5 amp. Available in a wide range of coil operating voltages 
and contact combinations. 


In addition to the 
four stock models in 65 types men- 
tioned above, Ohmite has seven 
standard types ol relays available 
promptly made to order. These 
units are available in many contact 
combinations and coil voltages. 
They are also available in hermeti- 
cally sealed or dust-protective en- 
closures. Ohmite engineers will be 
happy to make a recommendation 
designed to meet your needs. 


SEND FOR CATALOG R-11 


BE RIGHT WITH RHEOSTATS + RESISTORS + RELAYS + TAP SWITCHES 
TANTALUM CAPACITORS + VARIABLE TRANSFORMERS 


® 
© Hq /\ v\ | | E OHMITE MANUFACTURING COMPANY 


3611 Howerd Street, Skokie, Mlinois 





Why designers specify FLEXLOC self-locking nuts 


Where products must be tough . must stand up under 
vibration, shock and abuse . . . designers specify rugged, 
reliable, precision-built FLExLoc self-locking nuts as fasteners, 


HERE'S WHY: 

FLextoc locknuts are strong: tensile strengths far exceed 
accepted standards. They are uniform: carefully manufac- 
tured.to assure accurate, lasting spring tension in the flexible 
locking collars. And they are reusable: rough screw threads, 


We also manufacture precision titanium fasteners. Write for free booklet 


repeated removal and replacement, frequent adjustments will 
not affect their locking life. 


Standard FLex oc self-locking locknuts are available in a 
wide range of standard sizes and materials, to meet the most 
critical locknut requirements. Your authorized industrial 
distributor stocks them. Write us for complete catalog and 
technical data. Flexloc Locknut Division, STANDARD 
PRESSED STEEL Co., Jenkintown 28, Pa. 


STANDARD PRESSED STEEL CO. 


FLEXLOE iocknur pivision 


JENKINTOWN PENNSYLVANIA 
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p “a ning --<- BIND 
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] Husky bearings in husky housings 


adjust immediately in any direction 


When h gh mpact loads deal out 
punishment, shaft deflection n 
spell a quick finish for ord 


bearin 


nar\ 
gs. But this rugged Link- 
Belt bearing is self-aligning 
won't “pinch” or bind 
aligned 


vhen mis- 


{ lata on Link-Be 
Complete protection is pro te | : line from Book 
vided by effective seals which 40 offices 


HOW Vaud eon 
inner 
free to align in 
direction, assures full oad 
Sleds er apne ae 
or mis- 
alignment. 
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, : 4 4 

Series 6800 OK) (V {) ‘nae 

roller bearings have interr 


tionally standa 


tionally st boundary self-aligning ball and roller bearings 


LINK-BELT COMPANY: Exec 
Branch Stores and Distributors in 


utive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants 
All Principal Cities. Export Office, New York 7; Canada, Scarboro (1 


4“ a 
Sales Offices 
SW South Africa, Springs. Representatives Thre 


Stock Carrying Factory 
oronto Australia arrickville Sydney 
rughe th Ww Id 
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We ship less-than-mill quantities of TIMKEN* 
52100 steel tubing in less than 24 hours 


on any of the 101 sizes we stock, and your 
Timken 


52100 steel tubing will be on its way 
within 24 hours of the time we receive your order. You 
can select O.D.’s ranging from 1” to 10%”, and a vari- 
ety of wall thicknesses. Meet your schedules with our 
mill stock and save time. 

And you can save both time and money when you 
substitute Timken 52100 steel tubing for more 
expensive steels. Because it’s through-hardenable in 
moderate sections, you can heat treat it to file hard- 
ness, or temper it back to meet your needs. You can 
depend on uniformity from tube to tube, heat to 


heat, and order to order. 


That’s why Timken 52100 steel is so widely used 
for so many things—aircraft engine parts, ball bearing 
races, pump parts and plungers, collets, bushings, 
spindles, grinding machine parts, precision instru- 
ments and dozens of other uses. 

We pioneered in producing 52100 tubing in America, 
and we're the only company making this steel in all 
three common forms: tubing, bars and wire. So call, 
wire or write your order to The Timken Roller Bear- 
ing Company, Steel and Tube Division, Canton 6, Ohio. 
Cable: ““TIMROSCO” 


Fine 
Alloy 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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Fenwal THERMOSWITCH Temperature Controls are 
enclosed in a tamper-proof assembly that’s built to 
take grueling punishment and stay highly 


accurate, 
uniformly sensitive throu 


ghout the operating range 
and its range is three to Jive time: 
thermostat! 

That means you can run your machine at gr 
speeds ... your machine will require less maintenance! 
It means greater flexibility for your machir 


i 


ic 
9 sales for you — and all at a low first cost. 
S a Even the assembly of a Fenwal THERMOSWITCH unit 
is easier and cheaper! The application of Fenwal 
THERMOSWITCH units are lim , 


+] 
Tlivit 


° used in planes... factories... 

O | ] l e homes... laboratories used 
temperature is a factor and accuracy I L 

Drop us a line at Fenwal Incorporated, 214 Pleasant 

Street, Ashland, Mass. and we’ll send you our catalog 


but the sensitive MC-135 or our sales engineer, whichever you want. 


u 


Fenwal THERMOSWITCH:® unit takes it in its stride 


This is our 17000 series ve got 25,000 other \ 
with the operating from —100°F to 600°] 
Master Jet Frymaster. T | cor 

chine rapid, precise res 

makes it more economica! b: 


CONTROLS TEMPERATURE... PRECISELY 
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Designing with BANKLITE Plastics 


* Coating protecting tanks for 3 years 


¢ Rugged plastic part for carburetor air cleaner 


¢ Plastic credit cards that print 


Keep informed about plastics and you'll find them a 
source of new design ideas. Besides the great variety of 
plastics already available, new products are constantly 
appearing. One of them may have exactly the set of 
properties you have been looking for, and at a con- 
siderable saving 


Keep in touch with Bakelite Company. It is your 


best source of information because it is a leading source 
of plastics. You can select from the widest variety of 
materials in the field — phenolics, vinyls, styrenes, im 
pact styrenes polyethyle nes, epoxies and silicones. And 
vou can call on the laboratory services and technical 
resources of Bakelite Company for aid in working them 


into your plans. 


Vinyl-based coating protects ammonia tanks three times longer 


Service conditions surrounding these tanks prove d 
too severe for two earlier coating systems on 
failed in eight months, the other in a vear. Meas- 
uring 10’ 6” in diameter and 53’ long, the tanks 
hold caustic solution, and are located in a plant 
manufacturing 45 million Ibs. of petrol-cracking 
catalyst annually. Vapors in the area contain sul- 
fate salts and intermittent sulfuric acid spray 

Three vears ago, a coating system made by 
\Amercoat Corp. based on Bake rre Brand Vinyl 
Resins was applied to the exterior of these tanks 
It has remained in excellent condition. The first 
coat was worked into the bare metal by brush to 
obtain good adhesion. Three subsequent coats 
were applied by spray. Each was a different color 
to insure complete coverage. Total thickness was 
six to eight mils. Maintenance has been at a 
minimum 

\ variety of coatings are formulated from 
BAKELITE Vinyl Resins and used widely in both 
industrial and consumer applications. For a com- 
plete description of these materials, write Dept 
AV-145. 
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© C-11 Plastic pre-cleaner 


withstands engine oil, heat, dirt 


More than 75 percent of the dirt that would normally finish. These properties have led to the 
enter the oil-washed air cleaner on tractor engines is 


removed by this collector pre-cleaner made by 


°) Credit card, charge plate, 


a and ad on one vinyl rigid sheet 


This wallet-sized 


of Baketire Brand Rigid Vinyl Sheets. The color printing, in perfect register 


makes it an effective ad and proves its dimensional stability. The three- 


] 


details. And toughness is demonstrated in the card's ability to stamp its im- 
print on invoices, as well as to take frequent handling without damage 
BakELITE Rigid Vinyl Sheets come in several stock sizes and finishes. and 
a variety of colors, as well as clear transparent, translucent, or opaque. They 
can be formed into three-dimensional shapes to fill a wide range of design 


requirements. To learn more about them, write Dept. AX-145. 


nesota Plastics Corporation for Donaldson Company 


plastic card can tell vou a lot about the design features 


dimensional lettering shows how well these sheets can be formed to fine 





TYPICAL PROPERTIES OF 
“BAKELITE RIGID VINYL SHEETS 


Heat distortion temp. at 264 psi 

Fiber stress, deg. ( D648-451 64 avg 
Fla bility (D568-4 self-extinguishing 
Tensile strength, psi (D638-491 7700 avg 
FI] ral strengtl si (D790-49T 12.600 avg 


Modulus of elast tv in Nexure 
I D790-491 
pact resistance (impactometer method 
tt. /se WC-68-C-I1/] 


orrected to .010 incl > ay 


130.000 avg 














STYRENES 








Che ter 


BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd Street. York N.Y 


s BAKELITE and UN1on Carbine are registered tradk rks of UCC 








Inc., St. Paul, Minn. It is also designed to serve as an 
stack cap, preventing leaves, twigs, and chaff from « 
tering. and forms a rain shield that keeps water out of 
the center tube intake. Mlolded of Baketrre Brand C-1] 
Plastic, this collector pre cleaner has a high heat 
tortion point, and stands up under the working temper 
atures generated by tractor engines. Since C-11 Plasti: 
is transparent, the pre-cleaner shows when it has col 


lected excess dirt and IS re adily remove d ind W ishe d 





BAKELITE C-1]1 Plastic is an acrvylonitrile-stvren 





copolymer It has good resistance to Impact and exce p 





tional resistance to chemicals, including foods. It offer 











a wide choice of color, and molds to a smooth, glo 





wide use of 








C-1] In packaging as We I] as tor ma hine parts like thi 














Min- collector pre-cleaner. For more details on C-11 Plastic 
write Dept. AW-145 





























































































THERE'S MORE TO DESIGN WITH IN 


BAKELITE 


BRAND 


PLASTICS 
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PHENOLICS EPOXIES 
POLYETHYLENES 
SILICONES 













IMPACT STYRENES 
VINYLS 













Three more nationally known 


manufacturers select Mueller Brass Co. 


Forgeable Bearing Alloys for vital 
components of their products 


In ever-increasing numbers, Mueller Brass Co. specialized alloys are being specified by manufacturers of top- 
quality products. In a series of continuing advertisements, we have presented case histories of successful applica- 
tions, to which we now add three more distinguished componies who are incorporating Mueller Brass Co. 
forgeable bearing alloys in their products to meet the demands of widely divergent operating conditions. 


U. S. Instrument Corporation, Charlottesville, Va., selected 
abrasive-resistant Mueller bronze alloy bushings for their 
remarkable telephone selector switches after exhaustive 
tests of many materials. A vital communications link on 
today's U. S. Naval vessels, these sound-powered telephone 
circuits must meet rigid Navy performance-standards. 
Such phones, for example, must have selector switches which 
are capable of rotating for a minimum of 50,000 torturous 
cycles . . . 360° clockwise, followed by 360° counter- 
clockwise. In addition, the “O" ring must still form a water- 
tight seal AT THE END OF THE TEST! Of the many tested, 
a Mueller Brass Co. special manganese bronze alloy was 
the best one meeting these rigid specifications. 


There were other important reasons why these bushings 
were chosen by U. S. Instrument Corporation for this 


U. S. INSTRUMENT 
CORPORATION 


application. Resistance to abrasive action against the 
rubber “O" ring was a prime one . . . then, too, the stem 
assembly suffered severe pounding through the action of 
the indexing mechanism which, prior to the use of the Mueller 
Brass Co. alloy, caused repeated seizure of the component 
parts. In this particular application, the part was fabricated 
on an automatic screw machine rather than produced as a 
forging. The versatility of Mueller Brass Co. alloys makes 
them readily adaptable to the most economical method of 
fabrication dependent upon the size, shape, and end-use 
requirements of the part. 


In commenting on the success of this part, U. S. Instrument 
Corporation praised the alloy for its tensile strength 
(ordinary brasses could not withstand the 2000 ft. Ib. 
impacts without deformation), for its machinability and 
corrosion-resistance. 


MUELLER BRASS CO. 
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HARLEY-DAVIDSON 
MOTOR CO. 


Harley-Davidson motorcycles (made in Milwaukee, Wis- 
consin) have, since 1903, enjoyed a world famous reputa- 
tion for economical, reliable transportation. These versatile 
machines are ideally suited for pleasure, for commercial or 
business use, os well as the grueling demands of law en- 
forcement work. Harley-Davidsons boast a dependable 
engine . one which can roll up an astounding mileage 
record with little or no care. The painstaking selection of 
every engine component is one important reason for this 
reliability. The new twin-cylinder Harley-Davidson 74 OHV 


employs Mueller Brass Co. bronze alloy forgings in the form 
of rocker-arm bearing caps. Subjected to violent temper- 
ature changes, fast starts and stops and road shock, Mueller 
forgings are proving again and again that they have the 
ability necessary to withstand almost any punishment. . 


and still provide unfailing service 


JACOBSEN MFG. CO. 


Jacobsen Mfg. Co., Racine, Wisconsin, was among the first to produce a 
practical power mower for home use. That was more than 35 years ago! 
Today, Jacobsen power-mower dependability is evident itself in more than 
a dozen gleaming new models such as the popular Pacer, Lawn Queen, 
Manor and others. One of the most reliable components in the always 
dependable Jacobsen hi-torque engine is a Mueller Brass Co. connecting 
rod forged from special bronze alloy. Jacobsen mowers with Mueller-forged 
connecting rods are called upon by some commercial users to operate as 
much as 8 hours daily, 6 days a week . . . perhaps as much as 2000 hours 
o yeor. In searing summer temperotures, thru hours of constant operation, the 
high uniform strength of Mueller bronze forgings constantly withstands 
pounding and vibration with the same conspicuous success as in its many 


other applications. 


@ WRITE TODAY FOR THE 
ENGINEERING MANUAL YOU NEED 


Mueller Brass Co. Forgings 


Why not investigate these specialized alloys for your own Engineering Menvol H-58565 


products. We welcome your inquiries. Our engineering staff 
will be happy to make specific recommendations. Both on 
the proper alloy and the best method of fabrication to 
meet your needs . exactly. Our engineering manuals 
show many, many examples of how American manufacturers 
have used these alloys to great advantage. 


Tuf Stuf Aluminum Bronze Alloys 
Engineering Manual H-58563 


“600" Series Bearing Alloys 
Engineering Manual FM-3000 


Copper Base Alloys in Rod Form 
Engineering Manval FM-3010 


PO RT yy UR O WN 


November 25, 1957 


Product Engineering 





Here's what Morse’s entry into the “Timing” 


Belt teld means to you... 


Nobody gives you a more 


impartial analysis of your 





power transmission problems 


than Morse, because... 


only Morse ofters all 


four of these basic drives 


plus a complete line of 


power transmission products 


Basic Drives: Roller Chain, Silent Chain, Hy-Vo 
Drives and ‘“Timing”’ Belt. 


Chain: H-E, 8-series, Double-Pitch, Implement, and 
Attachment; AL, BL, and Rollerless Lift Chain; 
Industrial Standard and 3/16"-pitch Silent Chain. 
Stock Sprockets: Plain Bore, Finished Bore, Taper- 
Lock—also made to order. 

Couplings: Flexibie Roller Chain Couplings, Flexible 
Silent Chain Couplings, Morflex Couplings, Morflex 
Radial Couplings, Marine Couplings. 


Driveshafts: Morflex and Radial Driveshafts. 


20 


Clutches: 
Clutches. 


Overrunning Clutches; Over-Center 


Speed Reducers: Eberhardt-Denver “‘RW” poweR- 
gear” Reducers; Gearmotors; “L’’ Worm Gear 
Reducers; “VX” and “DVX” Conveyor Drives; 
Miter Boxes; Helical Reducers. 

Torque Limiters. 

Look for your local Morse distributor in the Yellow 
Pages under ‘Power Transmission,” or write: 
MORSE CHAIN COMPANY, DEPT. 4-117. 
ITHACA, NEW YORK; Export Sales: Borg-Warner 
International, Chicago 3, Illinois. 
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_ Roller Chain for low 
and medium speed applica 
tions. Precision-finished 
Morse Roller Chain is spe 
cially treated to withstand 
shock and fatigue 
maintenance, longer servi 

life. Patented Spirol Pin 
Fastener construction 


assure less 


IN POWER 


THE TOUGH 
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“@~- Silent Chain. for 
smoother, quieter operation 
at higher speeds. In Morse 
Silent Chain the patented 
rocker joint operates with 
less friction and wear. It 
provides a cooler-running 
c iain drive, with higher effi 
ciency and longer service lif 


TRANSMISSION 


COME TO 


No ember 


a Hy-Vo Drive for ex 
tremely high speeds and 
ywwer. Exclusive with 


Drives transmit mile-a 


minute speeds, and up to 


5,000 hp loads; require mini 
mum 
eliminate oitboard bearin 


shaft space, usually 


extra-tough Hy-Vo 


4, “Timing” Belt 
light weight and lubrication 
tree operation Morse lim 
ing’’ Belts give positive, high 
efficiency transmission fron 
0 to 16,000 FPM, 1/100 HP 
1.000 HP provide sli 
ind stretch-proof service for 


ife of drive 





Now! Two Great 


ALL-NEW HAMILTON 


‘L CONTOUR 


Here is one of the many ar- 
rangements you can make 
with versatile “‘L’’ contour 
tables to meet any specific 
requirement you might have. 


A Great “New-Look’”’ 
in Drafting Tables! 


Here is a dramatic new con ept in 

drafting tables that brings new ref- 

erence convenience, new pe rsonalized 

working space, new smartness of sur- 

roundings to modern engineers and 
' 

draftsmen! 

contour allows 

| 


ai 


The unique “L” 
qui k, comfortable movement 
tween drawing board and reference 
desk. The desk-high, fully adjust 
able drawing board insures efficient 
comfortable working positions. It 
can be adjusted to any angle from 


horizontal to vertical, has a 20” 


vertical adjustment. It automati 
cally locks at 35° from vertical until 
released manually. An angle sens 


ing devi e prov ides ( omplete coun- 
terbalancing action. 

The versatility of the “L” con- 
tour table lends itself to efficient 
room layouts. The reference desk 
can be changed to right hand or left 
hand. The entire unit takes only 60” 
x 71” floor space 

Now, at last, you can give your 
engineers and draftsmen efficient, 
smart-looking, “private office 
working areas—achieve a highet 
degree of morale—with an installa- 
tion of new “L”’ contour tables 
lake this opportunity to get full 
information by mailing the coupon 


it the right 


Whether it’s the newest in drafting room furniture or drawing pencils, you can get it from Bruning. There’s a Bruning 
branch office near you. Why not make it your one convenient source for everything you need in drafting and reproduction? 
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Drafting Tables! 


NEW, IMPROVED HAMILTON 


AUTO-SHIFT 


— 


A Great Drafting Table- 
Made Even Better! 


To thousands of drafting departments 
Auto-Shift has meant maximum produ 
tion in minimum of floor space Now, new 
design and new features further increase 
the utility of Auto-Shift, bring new smart 
ness and dignity to modern engineering 

and drafting departments 
New Auto-Shift comes in 
color complementary to any modern 
office decor. From the new chrome 
Conventional Auto-Shift plated adjustable legs to the new 
Arrangement Arrangement drawing surface; Auto-Shift is strean 
lined and handsome. Vertical and tilt con 


inew green 


green 


_ Charles Bruning Company, Inc., Dept. 114-0 


4700 Montrose Ave., Chicago 41, Illinois 
BRUNING in Canada: 105 Church St., Toronto 1, Ont 
Please send me literature on the new Hamilt 
drafting tables 








n 


Name . 





Company ___ 


Ask your Bruning representative about the free 
Bruning -Hamilton drafting room planning service. Address _ 


oe ~-- City 
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ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HYATT... 


How Separable Race Rolier Bearings 


with Interchangeable Parts can 


improve Machine Design... 


with HvattTs, the designer can increase shatt 


diameter or reduce housing bore by omitting 


races ...eliminate selective fitting for greater 


flexibility of assembly operations 


The unique advantages of straight cylindrical roller bearings 
which result directly from the geometry of the bearing itself 
are quite generally accepted by design engineers. They 
recognize, for example, that cylindrical roller bearings provide 
greater radial load-carrying capacity because of the larger 
area of contact between races and rollers. Most designers are 
also aware that straight cylindrical roller bearings offer the 
lowest roller bearing friction characteristics because this type 
most closely approaches true rolling action. 


However, a well-designed line of roller bearings provides 
additional advantages which are not inherent in the bearing 
geometry, but result from the engineering know-how of the 
manufacturer. These benefits are not so widely known and are 
sometimes overlooked by designers. 


1. INTERCHANGEABLE PARTS 
PERMIT MORE FLEXIBLE 
ASSEMBLY 


A good example of these “built-in” benefits is the inter- 
changeability of separable bearing parts provided in the 
HYATT line of cylindrical bearings. Any HYATT Hy-Load 
Series separable inner race, for a given piece number, can be 
assembled with any HYATT outer race and roller assembly 
of the same piece number. Only under special circumstances 
is there any necessity for selectively matching separable parts 


of HYATT Hy-Roll Bearings. 


Because of this interchangeability feature, it is practical to 
install separable H Y ATT inner races on shafts in one location 
while the outer races and rollers are installed in housings at 
another location. When the sub-assemblies are brought 
together the bearing parts will match perfectly; there is 
seldom any need for selective assembly. This flexibility of 
any assembly operation in which selective fitting is eliminated 
ean often be a determining factor in bearing selection. 


2. SEPARABLE INNER RACES 
PERMIT INCREASED SHAFT 
DIAMETERS 


Another advantage of ILYATT separable bearings becomes 
evident when the designer wishes to use a larger, more rigid 
shaft without increasing the size of the housing bore. He can 
neatly solve the problem by eliminating the inner race of one 
of the bearing types shown in Figs. A and D, and operating 
the bearing rollers directly on the suitably hardened and 
ground shaft. The space usually occupied by the inner race 
then becomes available for a shaft of larger diameter. 


24 


sur BuU-L u-Ts 


B. Cutaway views of HYATT Hy-Load separable outer race types 
B-1. Cutaway views of HYATT Hy-Load non-separable types (right 


3S. SEPARABLE OUTER RACES 
PERMIT REDUCED HOUSING 
BORE SIZES 


Conversely, when space limitations or other considerations 
make it necessary to reduce the size of the housing bore 
without decreasing shaft diameter, HYATT separable bear- 
ings are again the answer. In this case, the designer merely 
eliminates the outer race of one of the bearing types shown in 
Figs. B and E, and operates the rollers directly on the suitably 
hardened and ground bore, thus saving the space normally 
occupied by the outer race. Of course, in applications where 
it is preferable to retain the bearing parts as a unit, HYATTS 
are available in non-separable assemblies (Figs. B-1 and F). 
y 4% 195 
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C. Typical transmission application: pilot bearing is BU-Z type without outer race, operating directly on hardened and ground 
gear bore. The A-TS type is used without inner race, and operates directly on hardened and ground surface of gear hub. 


Worthwhile opportunities for improvements su h as these in 
machine design may be overlooked unless designers are 
familiar with not only the inherent but also the “engineered- 
in” features of cylindrical roller bearings. So when specifying 
be arings, it pays to look beyond the life, load. speed relation- 
ship and study the relative installation, sealing. retainment, 
assembly and maintenance requirements of each individual 
bearing application 


If you would like to review some of your bearing applications 
in order to gain an overall production or performance 
advantage for your product why not pick up your telephone 
and call your nearest HYATT Sales Office. For your con- 
venience, telephone numbers are listed below—and the 
best roller bearing application engineers in the business are 
at the other end of your line. 


CHICAGO PITTSBURGH 
HArrison 7-8277 ATiantic 1-2927 
OAKLAND, CALIF 
TWin Oaks 3-5362 


HARRISON, N. J 
HUmboldt 4-4000 
DETROIT 
TRinity 2-5600 


ao OUTER RACE 
asseweaur 






































D. Perspective and diagrams of separable inner race types 


THE RECOGNIZED LEADER | IN CYLINDRICAL BEARINGS 


YAT 
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F. Perspective and diagrams of non-separable types 


HYATT BEARINGS DIVISION, 
GENERAL MOTORS CORPORATION, 
HARRISON, NEW JERSEY 


qdcnrt-= 
FORWAF F ‘ 


Hiy-ROLL BEARINGS 


FOR MODERN INDUSTRY 





WHY 


Y COLAC. 


HIGH IMPACT THERMOPLASTIC RESIN 


im the 


Eheet 


AUTO-EX 


Smm Lens? 


y ... the answer is simple ... 


Only CYCOLAC, with its outstanding properties, 
could satisfy the exacting requirements of the Elgeet Optical Co 
of Rochester, New York. CYCOLAC's high impact strength and 
resistance to heat and cold was most desirable. In addition 
CYCOLAC has excellent moldability for intricate designing, 
@ tough and glancing surface, excellent shock absorbing properties, 


dimensional stability, plus a wide range of color possibilities. 


molders * extruders ¢ calenderers CYCOLAC can also work wonders for you. 


Compare these added CYCOLAC Benefits! This family of single uniform resins ts 
In addition to CYCOLAC’s unique balance of properties permanently thermoplastic, permitting fast 
which makes it ideal for hundreds of end-use products, 


you get these added benefits! molding, calendering and extruding. 


@ No breakage in processing, It is economical to form press-polished sheets 


@ No breakage in assembling and finishing operations. : . 
by vacuum, air-pressure, or mechanical methods 
@ Better adherence to dimensions and tolerances. * 


@ Readily lacquered, enameled or printed, over inexpensive molds of wood, 


Decals apply easily. ; 
plaster, aluminum, etc. 
@ Greater uniformity of processing. 
@ Lower shipping costs. 


@ Light weight means more parts per pound. Write for Technical Literature Today! 





PACESETTER IN 
Division of BORG WARNER « Gary, Indiana 


arbon also re presented by: 


CHEMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 


SYNTHETIC RESINS EXPORT: British Anchor Chemical Corp., New York 
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USHBUTTONS 


O/IL-TIGHT OPERATORS = 
oe 

x | ~~ 
, 


Coin-operated 

Contact Selector Switch 
Guarded button Mushroom Button Availal ns 
Momen Selector Switch 


om 


Momentary 


in 7 colors na 
tact flier P sition with 
2 ara ty 
ams 


fp) , IA) 
s ; 
‘ he. <e 


iy b : =, 
Key- / Selector d j 


operated Pushbutton 
Square D pushbuttons, Selector mbines se Padlock Attachment Padlock Maintained 


i r switc}l t » For Contact 
designed to JIC and NMTBA meagan pete ypalinie 1 ns Spat someway Attachment 


scourage and pushbut n entary ntact 


standards, have been proven 
by severe tests involving mil- 
lions of operations.They offer 

till oth feat Selector 
Still Other teatures generous Switch Wobble Stick Neoprene 
wiring space and exclusive Lockout : Operator Cap 

Slide and Swing’’ enclosure , Permit for mon for 
covers for easier, faster instal- : 
lations when machine opera- 
tions are changed 


entar 


tary 


CONTACT BLOCKS and PILOT LIGHTS 


You'll like the com 
pleteness of Square D's 
pushbutton line. Every 
conceivable combina- 
tion can be obtained 
with a minimum stock 
N.C. Contacts with extended stems for of packaged units. En- 
combination with another block closures available for 1 
to 16 units 


Tandem Operation 


[TAT TTewU 
‘ontacts with a a aiaian Write for Pushbutton Bulletins 

e N:O. circuit visibility cn eamaial which give complete details. 
closing ahead of filament burn-outs. No | Address Square D Company, 
the other. Designed ; ening of lamp un vibr 4041 North Richards St., 


see _ eirstnte mc tion. Six col mber Milwaukee 12, Wisconsin 
v4 
ANY OPERATOR 
WITH ANY ‘ 
CONTACT BLOCK | ij) 
4) 


SQUARE J) COMPANY 
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LONGER SOLENOID LIFE... 


with NAMCO'S exclusive ‘“‘HARDMETAL"- welded 
plunger bonding 


Standard or Custom Models 
To Fit Your Design 


Non 


‘‘HardMetal’’-welded plunger bond- Bondi a , _—— 
: a etaine 


ing prevents mushrooming at the 
vital point of impact—withstands 
incessant pounding of the plunger on 


Flush-Riveted 
Armature 


the frame. Long plunger life, and 
Plunger 


thus long solenoid life, is further in- “MordMetol”- em Frome 


Welded At 


sured by hard chrome plating upper 
. . . poini? of Impact 
guide edges of plunger laminations 


to reduce friction and wear. 


Namco standard solenoids are Centrally 
. . P ‘ Located 
available in six series of pull and Air Gap 


push types; custom-engineered sole- 
P P . ~ Steel C 
noids in every size and type can be Pe Liner 


made to meet your specifications. 


Standard “‘HardMetal’’-Welded Solenoids are fur- 
nished push or pull type in sizes with ratings from 
2-1/2 to 21 pounds at 1/2” stroke and from 2 to 
25 pounds at 1” stroke. 





ELECTRICAL MANUFACTURING DIVISION 


National A 


THE NATIONAL ACME COMPANY 170 EAST 131ST STREET CLEVELAND 8, OHIO 
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DESIGNING WITH ALUMINUM 





This is one of a series of information 
sheets that discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series supplied on request. Address 
Advertising Dept., Kaiser Aluminum & 
Chemical Sales, Inc., Department PD-1 
919 No. Michigan Ave., Chicago 11, Ill 








ADVANTAGES OF ALUMINUM FOIL STRIP 
FOR ELECTRICAL WINDINGS 


Conversions from round copper wire to aluminum interleaved strip 
windings are bringing improved design, better performance and 
lower costs to a wide range of mass production applications. 


ALuMINUM RIBBON, interleaved with 
insulation material, has successfully re- 
placed copper in such applications as: 
transformers for radio and television; 
motor starters and aircraft accessories; 
field and rotor windings for motors and 
generators; coils for solenoids, relays 
and ignition devices; chokes, filters and 
a vast range of similar electromechan- 
isms and electronic devices. 


Conversion to Foil Strip 
Offers Design Advantages 


Although the design of any electromag- 
netic unit depends upon its specific 
application requirements, aluminum 
ribbon conductor offers several advan- 
tages to all applications converted from 
round copper wire: 

1. Reduction in void space often allows 
equivalent cross-section size. Where- 
as round copper wires leave unfilled 
spaces between strands, the flat 
aluminum ribbons lie neatly to- 
gether in a compact mass free of 
voids. This can often allow equiv- 
alent winding cross-section size. 
Where cooling ducts and layer in- 
sulation are used, the aluminum rib- 
bon and interleaving insulation will 
almost always fit the same winding 
gap as copper. 

Excellent heat dissipation reduces 
operating temperature. Aluminum 
conducts heat better than any insu- 
lation or impregnating material. A 
ribbon-wound coil has substantially 
the same temperature throughout a 
layer of conductor because each 
layer is a solid conductor and dissi- 
pates heat to the outside. Absence of 
voids eliminates formation of local 
“hot spots”—has reduced tempera- 
ture as much as 100°F. This control 
of temperature normally allows a 
reduced aluminum cross-section for 
equal current carrying capacity. 

Lower area factor helps reduce cost 
and weight. Because ribbon wound 
coils generally operate at tempera- 
tures 20 or more degrees(F.) lower 
than wire wound coils, it is possible 
to reduce the 1.64:1 aluminum-to- 
copper area ratio that is theoretic- 
ally necessary. In actual use, area 
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factors are about 1.5 and occasion- 
ally have been as low as 1.25, mak- 
ing possible weight reductions of 
over 50%... with cost savings of 30 
to 40% for copper wire conversions 
in sizes #24 or larger. 
Manufacturing method reduces 
problem of conductor tensile 
strength. Because wire-drawing ten- 
sions are absent in manufacturing 
the slit aluminum ribbons, and be- 
cause aluminum’s better heat dissi- 
pation lowers coil temperatures, 
comparative conductor strength has 
little significance. Aluminum ribbon 
conductor is readily available and 
readily adaptable to high produc- 
tion techniques. 

Effective joining methods available 
at low cost. A wide variety of join- 
ing techniques and equipment -— all 
proved in thousands of high-produc- 
tion electrical devices—offer econ- 
omy equal or better than copper for 
both initial cost and maintenance. 


Two Design Approaches 
Meet Conversion Problem 


The fundamental design problem in 
converting from copper to aluminum 
conductor is, of course, to provide for 
and accommodate the additional coil 
cross-section needed for equal conduc- 
tivity, and at the same time provide 
equal dissipation of heat. Two basic ap- 
proaches may be taken to this problem. 

First, the conductor cioss-section 
may simply be increased by the appro- 
priate factor (1.5) to give the same 
ampere turns and resistance; or sec- 
ond, the wiring area may be changed 


to allow a better ratio of conductor to 
insulation where space is critical or the 
coil may be split and connected in 
series to further help this conductor to 
insulation ratio 

Designing for a compromise between 
these two approaches is favored by the 
physical shape of aluminum strip con- 
ductor, and allows the designer to make 
use of the advantages of both ap- 
proaches. The aluminum ribbons are 
produced by slitting from foil, which 
may be mill-rolled to any requested 
thickness, and thus are available in 
any desired combination of gauge and 
width, unrestricted to standard gauge 
sizes. And — to the designer’s advantage 
—the aluminum conductor proportions 
may be exactly determined by the rec- 
tangular geometry of the wiring cross- 
section. 

Elimination of the voids between cir- 
cular conductor sections together with 
the better dissipation of heat due to 
this design results in working tempera- 
tures normally about 20°F. cooler than 
in round wire. Some ribbon wound coils 
have reduced “hot spot” temperatures 
by as much as 100°F., and have accepted 
without damage excess loadings that 
have destroyed electromagnetically- 
equivalent copper wire wound coils. 

When aluminum ribbon conductor is 
substituted for copper wire to give 
equal current carrying capacity and 
equivalent resistance, the aluminum 
conductor assembly is little or no larger 
and sometimes smaller—than its cop- 
per prototype. 


Insulation Need Not Have 
High Dielectric Strength 


Because the potential between succes- 
sive wraps is usually low, the insula- 
tion materials between layers nor- 
mally does not require high dielectric 





Conductor layer 
insulation 


Magnet Wire Core 


insulation insulation 








Interleaved Core 
insulation 


Conductor 
insulation 


i 








Conventional insulated copper wire coil (ieft) utilizes only 70 to 85% of available space. 
Aluminum interleaved strip conductor coil (right) utilizes up to 97% of overall space. 





DESIGNING WITH ALUMINUM No. 26 (Continued) 


Kaiser Aluminum 





strength. Condenser paper 0.00025” in 
thickness may be used in many appli- 
cations where space is highly critical. 
“Mylar”* and “Tefion”* plastics have 
excellent dielectric, tensile and scuffing 
strength. They are available in gauges 
down to 0.00025” and accept, without 
aging, higher temperatures than paper. 
The higher cost of “Mylar” for Class B 
insulation, and the still higher cost of 
“Teflon” for Class H insulation are jus- 


the use of aluminum ribbon by adding 
little more than an unwinding reel, a 
suitable tension device and guides for 
the insulation and aluminum strip. 

Equipment for multiple winding of 
smaller coils often is too specialized for 
easy adaptation, but usually may be 
converted by more detailed alterations 
In present practice, both conductor rib- 
bons and insulation strips are wound 
from reels of pre-slit material. 


Modern foil coil machine designed specifically for aluminum ribbon coil windings 


Universal Winding 


tified for conversion of high operating 
temperature coils. 


Fixed coatings such as resins and 
enamels are efficient and eliminate 
separate interleaving. Although they 
are not commercially available at this 
time, should they become more readily 
available in the future, this factor would 
further reduce material cost. 


Anodized conductor similarly needs 
no separate insulation, resists tempera- 
tures up to 750°F., and eliminates the 
need for separate interleaving mate- 
rials. Extreme care is necessary to pre 
vent edge crazing of the anodic coating 
during the winding operations. The 
anodic coating is inherently porous and 
requires sealers against moisture. Such 
sealers are presently limited to a maxi- 
mum temperature of about 400°F. 


The strip insulation lowest in weight 
and cost is condenser tissue of suitable 
gauge. The paper is limited by a tend- 
ency to become brittle after lengthy 
exposure to temperatures above 250’°F., 
but otherwise is an excellent general 
purpose insulator. Because of its natu- 
ral porosity, it may be readily impreg- 
nated with resin sealers for protection 
against moisture, or with sealer-adhe- 
sive materials to bind the interleaved 
coil into an integral unit. 


Most of the existing machinery for 
handling single-wound, heavier size 
conductors can be adapted readily to 


*Dupont trade names 


30 


ompany, Providence, R. | 


2* 
een 


Above: Tinned copper wire pressure welded to alum 
num foil. Below: Koldweld tools made by Utica Dror 
Forge and Tool Division of Kelsey-Hayes Company 


see our catalog in 
4 


Tested Joining Methods 
Offer Economy, Versatility 


The joining of round, flat, and stranded 
leads of aluminum or copper to ribbon 
conductors of aluminum has been ac- 
complished in a variety of ways. Solder- 
ing or brazing of leads and terminals 
may be accomplished by use of suitable 
aluminum fluxes and solders, by ultra- 
sonic soldering techniques, or by the 
use of fiber-glass brushing in conjunc: 
tion with recommended aluminum 
solders on the heavier gauge materials. 


Cold or hot pressure-welding is an ex- 
tremely economical method by which 
the metals are pressed into plastic-flow 
merging of surfaces to give a true weld. 
Fusion welding by torch flame or elec- 
tric arc may also be used for the heavier 
gauge materials. Standard crimping 
procedures have been used effectively 
although the ribbon conductor shape 
also permits punching to receive wide 
flange connecting parts without need 
for crimping. 

Where dissimilar metal joints are 
used and are susceptible to high humid- 
ity conditions, suitable resin sealers 
may be applied at the joint to minimize 
the possibility of galvanic corrosion. 


The operating and cost efficiencies of 
aluminum strip conductor are most 
marked when replacing copper wire of 
#24 AWG or larger, but savings have 
been realized by conversions through 
#30 gauge. Economies in conductor 
cost, including insulation, have been 
recorded from 30 to 40%. 


Kaiser Aluminum does not manufac- 
ture electromagnetic coils or insulation 
materials, but has wide availabilities of 
aluminum ribbon conductor and a spe- 
cial technical staff to assist coil manu- 
facturers and users in all details relat- 
ing to the use of its conductor materials 
in their products. Inquiries for such as- 
sistance are welcomed and sample coils 
can be fabricated to customer specifica 
tions for their evaluation in possible 
conversions. 


For immediate attention to your re- 
quest for this technical service or sam- 
ples, or for more detailed information, 
contact the Kaiser Aluminum sales of- 
fice listed in your telephone directory 
Kaiser Aluminum & Chemical Sales, 
Inc., General Sales Office, Palmolive 
Bidg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 22, Calif. 


y 
om" KAISER 


Fc a 
or write for copy 
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Aluminum 
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Another NEW CLARE PLANT 
to give you relays 
of unequaled quality 


* Telephone type relays 
(ac and dc) 


* Hermeticailly sealed 
relays 


® Computer relays 
* Video relays 
* Power relays 


® Mercury-wetted 
contact relays 


* Relay banks 
* Pilate circult relays 


* Stepping switches 


* Lever, push and turn keys 


® Other special reiays 





Before midyear 1958 CLARE will be serv- 
ing customers from a new factory at 
Fairview, N. C.—a facility that will match 
the manufacturing advantages of our 
Chicago plant, itself only five years old. 

This CLARE expansion is made neces- 
sary by the tremendous jrowth of the 
electronics industry and the increasing 
demand for precise components, includ- 
ing relays whose life can be measured in 
billions of operations. 

Facilities of virtually clinical cleanli- 
ness are required for this kind of pre- 
cision. That's why CLARE plants in both 


CUARIE 


FIRST in the industrial field 


New C. P. Clare & Co. plant at Fairview, N. C. will expand manufacturing facilities 
























which have been under way in Fairview for two years. 


Chicago and Fairview maintain complete 
control of the temperature, humidity and 
. immaculate 
walls and floors ... powerful, shadow- 
less lights, for assembly of small parts. 


cleanliness of the air.. 


lf yours is a product whose long life, 
reliable performance and freedom from 
maintenance depends on relays, it will 
pay you to know ALL about CLARE 
relays. C. P. Clare % Co., 3101 Pratt 
Bivd., Chicago 45, Illinois. In Canada: 
C.P. Clare Canada Ltd., 2700 Jane Street, 
Toronto 15, Ontario. Cable Address: 
CLARELAY 


REDAYS 








PROBLEM: 


How to get extra wear resistance 
high core strength and good 
toughness in impact mechanism of new power hammer 


SOLUTION: wicket atioy stee!—carburize! 


The parts shown in section above are the heart of the im- 
pact mechanism of Ingersoll-Rand’s new lightweight electric 
power hammer. 


They’re made of 8640, a nickel alloy steel. By carburizing 
the parts, I-R gets a surface with extra wear resistance 
while retaining the very high strength of the fully hardened 
core to take the impact and stress of 2300 blows a minute. 


Piston, crosshead and both outer and inner spring seats 
are made this way. They can withstand terrific, continuous 
pounding and shock load with a minimum of wear... with- 
put deforming or cracking. 

, ° ° . ae ee ee 7a 

Your requirements may be altogether different from New electric power hamme 
Ingersoll-Rand’s. But when you need a metal with the a New York, eh can be used <§ 
‘6 ” . ’ . reakin ; *rete (é 2), stone, acaa- 
extra” properties there’s a grade of nickel alloy steel to Se Serre Keene,» Sees, MD 

. : : : . am... for drilling, roughing, cleaning, 

cover practically every fabricating or service demand. caulking, scaling, chipping, seaming and 


. ° ° ° : dozens of other jobs. Unit weighs only 
Send us details of your application and we’ll be happy 1S the, end Decbeves on enclusive “soring 


to help you. floating” piston. 


ico. THE INTERNATIONAL NICKEL COMPANY, INC. 22."¢000% 


~ 
~ = 
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SEALED HEAD KEEPS OUT 
OIL, COOLANT, METAL CHIPS 
..- your guarantee of 


reliable limit switch operation! 


With completely sealed operating heads, as well as sealed switch bodies, 
Allen-Bradley Bulletin 802T oiltight limit switches provide maximum 
reliability in limit switch operation for your modern, high speed pro- 
duction machines. The sealed head excludes oil, dirt, and metal chips 
from the operating mechanism ... the spring return, momentary con- 
tact operators cannot become sluggish and stick. 

The maintenance free, double break, silver alloy contacts are sealed 
in the oiltight body. Interchangeable operating heads are available 
with various push rods and levers which can be mounted in any one 
of four positions. Oiltight transparent plastic covers, for inspecting 
wiring without removing the cover, are available for most units. 

Here’s a line of quality limit switches in which each type will pro- 
vide millions of trouble free operations. Have your A-B control engi- 
neer acquaint you with this latest development—another advance in 
limit switch design. 


- 


B802TC Side Push 
Rod Type 


my 


7 

4 

X | 
e 


802TA Roller 802TB Top Push Rod 
Lever Type Type with Plastic 
Window 
4 


SO2TF Rod Type 


«\%: 
a 
“52 
tx 


802TG Adjustable 
Roller Lever Type 


802TAO Roller 
Lever Type for 
Cavity Mounting 


ALLEN-BRADLEY 


MOTOR CONTRO! 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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NOW)... « ALLEN-BRADLEY 
PRECISION-TYPE LIMIT SWITCHES 


Newly designed head on push type seals out oil. 
Roller lever types have sealed operating shafts. 


Synthetic rubber gasket between housing and plate 


> +OILTIGHT BODY 


excludes oil and coolant from operating mechanism. 


Allen-Bradley precision-type limit switches combine very close operat- 
ing tolerances with such a sturdy construction that they can be used for any 
industrial application. Now this line of limit switches has been further improved 

by making them completely oiltight. 

Especially designed for use where the motion to operate the limit switch is measured in 
thousandths of an inch, these Allen-Bradley limit switches can henceforth be employed in 
applications where oils, coolants, and dust are present. 

Allen-Bradley Bulletin 802 oiltight precision limit switches have a positive snap action 

mechanism which prevents any possibility of a “dead center” 

..no matter how slowly the actuating force is applied. 
They are available in both the spring return and maintained 
contact construction. And all have maintenance free, silver 


AP oe gw ee rT 


“= 


alloy contacts. 

Specify these Allen-Bradley oiltight limit switches where 
“precision” operation is required and where dirt and oil 
could cause trouble. 


Push rod type. Plas- 
tic cover, for inspec- 
tion without remov- 


Roller lever type 
limit switch with 
lever on right side. 


Also available with 
lever on left side. 


ing cover, made for 
most units. 


Roller lever pre- 
cision-type limit 
switch with roller 
lever in front of the 
switch body. 


ALSO-GENERAL PURPOSE 
_—~ LIMIT SWITCHES 


Bulletin 801 general purpose limit 
switches in standard or heavy duty 
ratings. Maintained or momentary con- 
tacts with slow or snap action. Silver 
alloy contacts used throughout this line. 


11-57-MR 























WORTHINGTON QD SHEAVES —THE ORIGINAL 2-PIECE DESIGN 









Rim slips over hub Le —not shaft 
Pe f 
: ’ 


e J 


‘ 








EASY ON! 


Only Worthington QD sheaves have the exclusive two-piece design that lets yo 
install the sheave one part at a time. No heavy rim and hub combination to de 
icately inch into place. The QD’s tapered hub slides easily on the deat locks 
with a cap screw for permanent alignment. A set screw locks the key in plac 


Sheave pulls up tight with heat treated bolts. sa RT Hi NGTON 
iin ON i 





| ZONE HARDENING 





= 





cry 
nd 


LOCKING PIN AND 
PERIMETER DIMPLE 


u 





(itn 











Write for Bulle- 
tin 454 for full 
information 





BALL RETAINER 








J 


THIS EXCLUSIVE 
COMBINATION OF 
FEATURES IS YOURS WITH 


SEAL/W\ASTER 


BALL BEARING UNITS 
.. PLUS QUICK, 
EASY MOUNTING! 


Slip a SEALMASTER Ball Bearing Unit into 
place on the shaft—tighten two set screws 
and you have the answer to ease of mounting 
in a bearing unit. SEALMASTER'S exclusive 
combination of features take over from there, 
providing smooth, trouble-free performance 
and long bearing life. 


FEATURES: 


ZONE HARDENING .. 
holding power. 


LAND RIDDEN BALL RETAINER .. 
prevents “churning.” 


LABYRINTH SEAL... keeps dust and dirt out, lubricantin. 


LOCKING PIN & PERIMETER DIMPLE .. 
positive lubrication. 


. assures positive race-to-shaft 


. traps grease and 


+» assures 


ad 


i) se Ke) 


' 
. 


6)\, Ge 


SEALMASTER BEARINGS a pvision oF STEPHENS-ADAMSON MFG. CO 


9 RIDGEWAY AVENUE, AURORA, ILL 
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Rim slips off hub—not shaft 








EASY OFF! 


Loosen the | ig" bolts, 


use two for jack screws and the 
off by itself! 


sheave practically comes 


To change speed it’s a simple matter to mount a |: 
sheave on the hub which remains aligned on the shaft. ' 
feature is the big advantage of 


irger or smaller 
his easy on, easy off 
Worthington QD sheaves—th 


e only design that 
lets you install or remove one par 


WORTHINGTON 


4 A 


t at a time. 























Stoppers for 
vibration and noise 


start with CHASE BRASS TUBE 


In making their wide variety of metal hoses and flexible connectors, 
Cobra Metal Hose uses red brass tube made by Chase, “folds” it in 
Gas range connector, flexible nipple and vi- 


their own sper ial “Rafold” process, then treats and bright-dips the bration absorber made by Cobra Metal Hose 


finished product. They report Chase tube assures vital elasticity and of Chase red brass tube, using their special 
. % 4 . Rafold” process and final bright-dipping 
ease of working, consistently good grain structure, highly accurate 


temper and wall thickness—doesn’t crack or separate in processing. 


$ 
Cobra reports an extra “PLUS” from Chase, too—technical help with Q eC we 
production and metallurgical problems. This same help is ready to OLD ; t 
serve you—along with Chase alloys that are right to meet your specific BRASS & COPPER CO 
needs. See Chase today, locally or at Waterbury 20, Connecticut. 
? WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation's Headquarters for Brass, Copper and Stainless Steel 


Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth.L.l.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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Severe 
J alelet se 
for-Calarent 
loosen it 


ALWAYS TIGHT! 


Severe shock overloads or reversing applications cannot loosen a Worthington 


QD sheave. The secret is the two-piece construction with the vice-like grip. 


Tightening the pull-up bolts forces the tapered hub to securely lock the sh: 
as tight as if the sheaves were integrally cast with the shaft (comparable t 
press fit.) To keep the key from drifting, the set screw—another Worthington 


exclusive—anchors it in position. wo RTHINGTON 


x S 2 = 4 } Sa 




















Only Vicrers. DIRECTIONAL VALVES 


These Features 























REDUCED DOWN-TIME 
LONGER SOLENOID LIFE 
LESS MAINTENANCE 
EASIER INSTALLATION 


Vickers hydraulic 2- and 4-way valves provide the optimum 
in directional control. They are compact, versatile, and are 
designed for heavy duty, continuous and rapid cycling 
operation on all types of industrial machinery. More than a 
decade of application experience and years of research 
and development back all the valves’ features. 

Seven spool types satisfy a wide variety of circuit needs 
and operate at pressures to 3000 psi. Optional oil- 
immersed solenoids operate cooler, increasing service life 
20 to 30 times. 

Installation is simplified with ease of wiring and a mini- 
mum of piping. The valves are available for gasket or 
sub-plate mounting. Mounting position is unrestricted except 
in “no-spring” models. The optional oil-immersed solenoid 


t 


Have 


TEE OE OE 


PROVISION FOR MANUAL SHIFT OF SPOOL 
WITH DUSTPROOF AND MOISTUREPROOF SEAL 


STANDARD CONTINUOUS DUTY SOLENOID 
(SAFETY INTERLOCK WITH COVER) 


—a AMPLE PORTING FOR LARGE CAPACITY 


poe SEALED AND CHAINED NAMEPLATE COVER 
REVERSIBLE FOR READING 


rf AMPLE WIRING SPACE—'2" CONDUIT CONNECTIONS 
ON 2 SIDES (TERMINAL CONN. BLOCK AVAILABLE) 


GASKET OR SUBPLATE (THREADED CONN.) MOUNTING 


READILY CONVERTED FOR INTERNAL OR EXTERNAL 


PILOT PRESSURE 


PILOT SPOOL RETAINED WHEN SOLENOIDS REMOVED 


TEST CONNECTIONS 


PRECISION GROUND SURFACES 


OPTIONAL OIL-IMMERSED SOLENOID 
HAS PLUG-IN TYPE CONNECTOR 
FOR QUICK AND EASY REMOVAL 


7897 


has a plug-in type connector and is available in all standard 
voltages. Field modification of existing units can be made 
to incorporate heavy-duty, oil-immersed solenoids. 

The valves conform to JIC Standards and are available 
in Ye" and 4" direct solenoid operated models... %”, 
1%”, 2”, and 3” solenoid controlled pilot operated models. 
These valves cover the flow range from 1.25 gpm to 
320 gpm. 

For further information, write for Installation Drawing 
1-182412. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 


ADMINISTRATIVE and ENGINEERING CENTER 
Department 1454 . Detroit 32, Michigan 


Application Engineering Offices: ATLANTA « CHICAGO «+ CINCINNATI 
CLEVELAND « DETROIT « GRAND RAPIDS « HOUSTON «+ LOS ANGELES AREA 
(El Segundo) « MINNEAPOLIS « NEW YORK AREA (Springfield, N.J.) « PHILADELPHIA 
AREA (Media) « PITTSBURGH AREA (Mt. Lebanon) « PORTLAND, ORE. « ROCHESTER 
ROCKFORD «+ SAN FRANCISCO AREA (Berkeley) « SEATTLE + ST. LOUIS « TULSA 
WORCESTER 
FACTORIES ALSO IN AUSTRALIA, ENGLAND AND GERMANY 
IN CANADA: Vickers-Sperry of Canada, Lid., Toronto and Montreal 
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Over 100,000 
fof ah4-motelenleliat-halelat—) 


in stock 


COMPLETE STOCK! 


You can get Worthington QD sheave stock service anywhere in t U.S. A 
More than 350 distributors stock Worthington sheaves and Worthington-Good 





year V-belts. In 13 giant factory warehouses alone there are over 250,000 units 


in stock from fractional hp sheaves to 1,000 hp giants. For your free copy of 
100-page Multi-V-Drive Manual that enables you to select the right sheay 


and V-belt in 3 minutes flat write to Section wo RT HINGTON 


MV-74, Worthington Corp., Harrison, N. J 





Always, at SKF; you will receive - 
unbiased advice 


because 
All four basic types of anti-fric 
tion bearings are available from SKF. 


ecause 
They offer an extraordinarily 
range of sizes and combinations to 
‘ 


eet virtually any requirement < 


> 
4 


‘ 
EVERY TYPE—EVERY USE 


because v4 
“ af = 





Their long experience in the a 
f 


widest variety of bearing applications 1s _) Ball Bearings \ 
your assurance of receiving sound () Cylindrical Roller Bearings 
recommendations ® {_) Spherical Roller Bearings 


‘— Tapered Roller Bearings (“Tuson ) 
because -- 


Reg. U.S. Pat. OF 


~ Thousands of manufacturers SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


have been using the SKF Bearing Ad- 
visory Service for many years — always 
with good results. This dependable 
service is available to you, too "34 
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WE TORTURED THAT 


TILL IT HURT US 


The heavy tractor’s treads crunched 
into the Weirkote steel, rocked 
back and forth, gave Weirkote’s 


tight zinc coating a wicked test. 
It passed perfectly. 


Weirkote shrugs off punishment like 
that—or far worse—in everyday pro- 
duction. Its continuous-process zinc 
coating goes through all the severe 
fabrication steps flawlessly. Spin it, 
deep-draw it, crimp it, roll-form or 


extrude it. There’s no flaking or 





peeling when Weirkote’s on the job. 


And look at this for savings! Be- 


cause Weirkote’s zinc coating stays 


put, you can eliminate the cost of 


plating, painting or redipping after 
fabrication. In many jobs, the lubri- 
cating property of the zinc coating 
will prolong die life, too. 

Free Weirkote Booklet! 
Send for all the facts on Weirkote. 


Write Weirton Steel Company, 


Dept. D-5, Weirton, West Virginia. 


TO 


WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 
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Variety—you can 


1 furniture is just one example of how finishes 
widening design horizons. Whether for 
combination of both, the right 


Magnesium can be painted chemically 


im are 
ippearan protection or a 
finish vailabl 
treated lec i} | nd coated with plastic or rubber. 


idards set by the aircraft industry, 


and baked paint finishes with excellent 


mus Stal 


resist 
right 


rousness and good weal 


pickling pr vide the 


mpery 


i 
he Tri il 


choose from a wide range of finishes for magnesium 


paint base. Anodizing provides exceptional corrosion, heat 
and abrasion resistance. In addition, any metal which can be 


applied by electroplating may be deposited on magnesium 


What about your products? If you're not making use of mag- 
nesium lightness, strength and durability—and the variety of 
finishes for magnesium—there’s no better time to start than 
Dow 


DOW 


right now. Contact your nearest sales office or write 


more information. THI CHEMICAL COMPANY 


Michigan Department MA 1405H 


to us for 


Midland 


YOU CAN DEPEND ON 


November 
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Problem: To produce a rugged, depe 
able motor case for Sunbeam Mixmas- 
n sufficient qu: 
mers need Prod icti 


be low, to Keep | 


Solution: Wor! 
Sunbeam, St« 


le ped an 


Clewweb found the solution 


and made delivery on time! 


This is just one of many complicated die cast- 
ings that Stewart has developed promptly... 
and has produced in quantity at low cost. 


Nearly half a century of experience, plus 





unexcelled production facilities, enables 





Stewart to bring you fast, practical solutions 
to any die casting problem. 

Whatever type of die casting you need—large 
or small, simple or intricate—you can count on 
Stewart for a quality job... completed and de- 


livered on schedule. 


Division of STEWART-WARNER CORPORATION 


Chicago, Illinois: 4535 Fullerton Avenue ° Bridgeport, Connecticut: 275 Warren Street 


DIE CASTING aaa 
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RVICE TO INDUSTRY 





























BETTER... 
MORE EFFICIENT FILTRATION 
OF COMPRESSED AIR 








You Get These important Advantages: 








® More Efficient Water Removal 


Greatly increased water removal efficiency—even at 
air flows 143% higher than ever before. 


® Operates Over Wider Pressure Range 


Top efficiency at as low as 5 psi for all models and as high 
as 250 psi for metal bowl type. 


® Operates Over Wider Temperature Range 


New metal bow! models in 4’, %” and 2" sizes extend 


temperature range to 200° F. 


® Withstand Rougher Usage 


Metal bowl models are ideal for applications likely to get rough usage 


® Simplified Drain Mechanism 


More efficient operation. Fewer parts. 


® Eliminates Manual Draining 


Collected liquid is drained automatically —cannot return to air line 
Drain operates as long as pressure is on the system 


NOW —24 Models to 


choose from 


@ Transparent Bowls—'4", 


34", ] 


® Choice of Three Filter Elements 


aie sahil 74, 64 or 25 micron elements—interchangeable. 
Ss, 2+ 


®@ Metal Bowls —'4"’, %”’, 12” 
For complete 


Wherever Air it Used in Gudustruy “Sew” 


nearby Norgren representative 


listed in your telephone 
directory — 
. € - OR WRITE FACTORY 


FOR NEW NO. 800 
3428 SOUTH ELATI STREET *© ENGLEWOOD, COLORADO CATALOG 
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IMPROVE MACHINE TOOL 
PERFORMANCE 


—with Westinghouse components 
...feady today 
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Stamping press performance improved at this plant when they used 


Westinghouse DY NAC braking control to reduce stopping time 95 percent. 
MP-3057-1 
CRSA 


you CAN BE SURE...IF irsWestinghouse = Ws 
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Westinghouse Cypak static control reduces maintenance costs in form-grinding automotive transmission parts. 


THESE COMPONENTS 
OFFER IMMEDIATE ANSWERS 


...for more dependable operation 


... for quicker stopping ... for faster duty cycles 


You don’t have to wait for electrical answers in making 
machine tool improvements or modifications. Out- 
standing design and improvement in Westinghouse 
control components, systems and drives help designers 
and their customers to act now. 

For example, Westinghouse DY NA( 
trol, cover photo, reduces press stopping time 95 
percent. The eight minutes it previously took to stop 
the heavy flywheel on this press have been cut to just 
24 seconds with DYNAC. This operation is now 


braking con- 


getting the fastest, smoothest stops possible to in- 
crease production. 

Cypak* static control, above, has already outlasted 
conventional relays previously used on form grinders 
at a large automobile manufacturer’s plant. No down 
time for control maintenance has been necessary on 


this highly repetitive operation in over 17 months. 
* Trade-Mark 


you CAN BE SURE...iF is Westinghouse = 


u estinghouse Life-Line “—" Votors, right, make 
possible faster, smoother reversing cycles to save pro- 
duction time. Westinghouse reduced armature inertia 
up to 55 percent and increased commutating ability 
35 percent to provide in the Life-Line “‘H’’ Motor the 
fastest d-c motor response available to improve ma- 
chine tool performance. 

Westinghouse right-angle gearmotor, right, delivers 
up to 195 percent more torque capacity than conven- 
tional single-reduction worm gearmotors between 9:1 
and 60:1 speed reduction ratios. It’s the result of more 
efficient, double-reduction gear train. You'll find West- 
inghouse packaged motor-reducer drives offer rugged 
dependability, too, for improved machine performance. 

Developments like these help you design and build 
machine tools that answer your customers’ needs for 
increased productivity at lower cost. Whatever the 
function you want performed . . . sensing, transmitting, 
. think of 


MP-3057-2 


recording, computing, control or driving . . 
Westinghouse components first! 
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Life-Line® ““H*’ Motors with silicone insula- 
tion achieve up to 55 percent reduction in 
armature inertia by reducing armature size, 
as shown by the silhouette above. New con- 
trolled ventilation system makes this reduc- 
tion possible. With commutating ability 
increased 35 percent, the Life-Line ““H” 


assures faster reversing periormance. 


Push-lite pushbuttons combine the functions 
of both a pushbutton and indication light 
in one unit. One push transmits the signal 
and energizes the indicating light. Push- 
lites are oiltight— part of the complete 
Oil-Tite* line of 1,500,000 pushbutton con- 
trol arrangements available from stock. 


*Trade-Mark 


Either Westinghouse gearmotors or pack- 


aged motor-reducer drives save design time 
with a wide selection in horsepower, speed 
ratios, direction of power take-off, mounting 
and coupling methods. MP-3057-3 
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Add experienced manpower to your machine tool 
WESTINGHOUSE projects by simply calling your local Westinghouse 
representative. Whether you have a problem in drive 
system design, in component development or in manu- 
SERVI CES facture and assembly, Westinghouse facilities provide 
economical ways to get the answer on schedule. 
Westinghouse research . . . field engineering service 
AND FACI L| TIES ..- local manufacturing and repair plants . . . renewal 
parts stocks . . . are all ready to extend you service in 
any situation. 
ARE FLEXIBLE And when you select Westinghouse components, 
your customers will recognize electrical leadership. 
You'll benefit from one-supplier responsibility for 
products of outstanding quality, backed by more than 
HELP YOU FROM 70 years of electrical experience. Westinghouse Ele¢tric 
Corporation, 3 Gateway Center, P. O. Box 868, 


DESIGN BOARD TO TEST FLOOR Pittsburgh 30, Pennsylvania. MP-3057-4 
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you CAN BE SURE...IF its Westinghouse é We 


Westinghouse serves these 0. E. M. industries ... with these components 


* Air conditioning * Motors—gearmotors 

* Appliance * Adjustable-speed drives 
* Communications—electronic ¢ Gearing 

* Electric apparatus * Controls—re rcuit breakers 
¢ Semicondu 

¢ Cypak* 

* Magamp* magnetic amplifiers 
* Rectifier 

¢ Heating elements—thermostat: 
Prime mover equipment ¢ Transformer 


¢ Fan and blower 
¢ Machine tool 
¢ Materials handling 


Panelboard and switchboard 


Pump and compressor ¢ Instruments 





Miscellaneous machinery * DYNAC® magnetic braking 





ALL MACHINED TO EXACT 
CUSTOMER 


SPECIFICATIONS FROM 


Spaulding Products are adaptable to intricate ma- turned out quickly, accurately and economically 


ing oper ily shear wed . 
chining operations. They are readily sheared, sawed, When you need a material with the unique electrical. 
{ 7 j , ; 
turned, punched, drilled, threaded, swaged and chemical and physical properties combined in the 
ed 
formed. numerous types and grades of Spaulding materials 


Spaulding's fabricating departments are especially you can specify Spaulding with assurance that the 


equipped and staffed to perform these operations on parts delivered to you will be fabricated to your 


these materials. Even the most difficult shapes are precise specifications 


WE MAKE AND FABRICATE 
THE PROPERTIES OF eke Gt. te ded. ie, te 


SPAULDING MATERIALS INCLUDE ond fabricated parts 


ARMITE: Thin Insulation | 


SPAULDING T BOARD: A supe 


Great mechanical strength, extremely light not open yo veneer quad a HANDLING PRODUCTS: | 
weight, durability, chemical inertness, SPAULDITE: (Lomincte SPAULDING FABRICATING FACILITIES 
excellent machinery.qualities, arc resistance, sheets, rods, tubes t ts , = Sat om 4 Shen Sar thee 

deionizing ability and low loss SPAULDO: Mot vilotic sheets, rolls product . sed th i y 
electrical insuiation. — oo te 


t ce 


s ond of 
SPAULDING FIBRE BOARD 


ted ¢ 


SPAULDING FIBRE COMPANY, INC. 310 WHEELER ST., TONAWANDA, N. Y. 


SPAULDING BRANCH SALES OFFICES 


ATLANTA 7, GA. 
1250 South Oxford Rd., N.E. 


BALTIMORE 18, MD 
2!04 North Cheries St 
BERKELEY 9, CALIF 
1780 Shottuck Ave 
BOSTON 16, MASS 
585 Boylston Street 
Boston Area 


WELLESLEY HILLS 82, MASS. 
44 Washington Street 
BRIDGEPORT 6, CONN. 
2626 Main Street 


CAMDEN 1, N. J 
227 South Sixth Street 
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CHICAGO 34, ILL 

7644 West Belmont Avenve 
CHICAGO 25, ILL 

4770 Lincoln Avenve 
CHICAGO 36, ILL 

5604 West 63rd Street 
Chicago Areo 

BERWYN, ILL. 

3247 Grove Avenue 

CLEVELAND 20, OHIO 

3494 Lee Rood 
CLEVELAND 16, OHIO 

19035 Detroit Rd., Rocky River 
DAYTON 2, OHIO 

136 So. Ludiow Street 
DETROIT 1, MICH 

46!2 Woodward Avenve 


FORT WAYNE 6, IND 
2301 Fairfield Avenve 
LANSING 10, MICH 
2021 South Cedar Street 
LONG ISLAND, N.Y 
90.34 Jomaica Avenve 
Woodhaven 21 
LOS ANGELES 15, CALIF 
1325 Son Julian Street 
MILWAUKEE 16, WIS 
8338 West Lisbon Ave 
Nework, N. J. Area 
WESTFIELD, N. J 
113 Centro! Avenve 
NEW YORK 55, NEW YORK 
384 East 149th Street 


ST. LOUIS 5, MO 
7247 Olive Street Road 
$T. LOUIS 17, MO 
1500 Big Bend Bivd 
SYRACUSE 3, N.Y 
1206 Eost Woter Street 
TONAWANDA, WN. Y 
310 Wheeler Street 
TORONTO, ONT 
106 Lakeshore Road, E. 
Port Credit, Ont 
LONDON, ENGLAND 
Spaulding's LTD 
40 Gloucester Way 
Clerkenwell, London E.C. 1 
PARIS, FRANCE 
lo Fibre Vulcanisee—Spaulding 
27 Rue Vincent Compoint 
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OW as One constant speed 
> at less cost 


Here’s a motor with all the constant speed benefits of synchro- 
nous design at initial low cost — with the dependability of an 
induction motor. It’s the NEW SYNDUCTION motor, built 
specially for applications from 1, to 40 hp. 

DEPENDABLE ~— Now constant speed, regardless of load or 
voltage changes, is sure .. . depends only on frequency. Synduc- 
tion motor’s simple die-cast rotor has no brushes, collector rings, 


nor insulated rotor windings 
LOW COST~—Simple across-the-line control is all that’s needed 


Further, design permits use of frames smaller than usual reluc 





tance-type motors. Purchase price is well below that of ordinary 


\\\ 


\\\\\\ 


Have You an Application Requiring: 
unvarying speed; 2. operation of several motors at fixed 
speed ratios; adjustable speed with minimum variation at 
any speed setting? If so, Allis-Chalmers invites your inquiry. 


Contact your nearby A-C office, or write Allis-Chalmers, 
General Products Division, Milwaukee 1, Wisconsin, for 


Bulle tin 51B84 40. Synduction is an Allis-Chalmers trademark, 


a ~ ALLIS-CHALMERS 
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Design Problem: 


Leakproof gas lines that must flex 
. Withstand heat from outside 
.. corrosive attack from within 


Answer: 
American Metal Hose 


This machine harde ns. brazes nd he it processt s metal 


products and The flam reads are 
the hoses conveving tl tuel is must he 
they must be tough! Corrosive 
High heat is a constant 
they must be | ikpi t. For 
not fail 


adjustable 
flexible. And 
gas attacks them from the 
mn the outside. Yet 
sake they 


parts 


insicke enemy ¢ 


Ssatety s 


ROURUBOBUROTO 


BASIC TYPES 


Seamless corrugated and 


Strip-wound. | 
Loh, 


American 


EREVER CONNECTS 
we RS yy ve 
UsT MO 


AMERICAN 


FLEXIBLE METAL HOSE AND TUBING 


AN ANACONDA propuctT 





+o 
Experimental block being readied for torture test on 
Johns-Manville’s Inertia Dynamometer—the world’s 
largest unit designed for friction material testing 


Man in charge of putting more 
mileage into J-M Brake Blocks 


Creating new and better brake production techniques that assure Manville engineering staff,a superbly 
blocks is a never-ending responsi uniformly highest quality. These equipped development 


laboratory, 
bility of J-M engineers. Working techniques also provide volume pro and skill gained through 99 years 


with the very latest in scientific de duction, rapid delivery and lowest of manufacturing experience, are at 
velopment equipment, these men are unit cost. your service. 
blazing new trails in improved fric Chances are a J-M material in Your Johns-Manville Representa- 
tion material performance corporating all the properties you tive will gladly tell you more about 
Over the years, Johns-Manville need for your friction applications is this service, or write to Johns-Man- 
has offered a wide choice of thor already available. If not, let us help ville, Box 14, New York 16, N. Y. In 
oughly proved, high-quality, high you find the solution. The Johns Canada, Port Credit, Ontario. 
performance brake linings, brake 


blocks and clutch facings. This su JM Johns-Manville 


periority stems trom engineering and 


. 

Molded Segments Woven 
Blocks for Automatic Transmission 
Transmissions Band Linings 


Molded and Molded and Molded Brake 
Woven Brake Woven 


Linings Clutch Facings 
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FILE UP TO 3,000 
DRAWINGS IN A 
25’’x25’’ WALL SPACE 


CONVAIR, in San Diego 
saved 20% on space 
when they installed 
Inter-Lock files 


statesman” ~~ 


TSW tse. snneen +32 
“3 e oat ~J 
2-232 een v 








° Add. individual file tubes 
ho?izontally or vertically 
as needed © Individual indexing 


on file door 


¢ Cone-shaped opening for 


fingertip removal of drawings SAV F S PACE 


Inter-Lock file tubes can be stacked right to 
the ceiling, or installed around existing files 

saving space yet with complete 
accessibility 


SAVE TIME 


Drawings are easy to file and find .. . with 
indexing right on the file door, and cone 
shaped front for fingertip drawing removal 


PROTECT DRAWINGS 


with dust-proof, light-tight, crush-proof 
and fire-resistant Inter-Lock files 


SAVE MONEY 


: : Initial cost is low, and many firms purchase 

¢ Arrange in any size or shape . : : i 

stack to fit available space yen phomer ier me I Inter-Lock files in quantities that can be 
icine, erqepeliapt written off as “supplies” rather than 


30 per tube “office equipment.” 


PACK MANUFACTURING CO 


Send TODAY for descriptive folder and prices P.O. Box $08, Logan, Utah 


Distributed nationally by 
EUGENE DIETZGEN CO 
a tae ay 


. Angeles © Prrtst 


Please send me more information about the Pack Inter-Lock File system 
Name Title 
Firm Name 
Address 
City 


Everything for Drafting = a rons Soe 
Serveging 6 Printmaking Alls he 


Veole 


PE 
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reat advances in design... 


NEED THE ADVANCEMENT IN 


WEAR RESISTANCE PROVIDED BY 





FLAME-PLATING BY LinDE 





Stratospheric altitudes... 
extreme temperatures subject 


supersonic 
speeds eee 
jet plane parts to almost incredible 

conditions of heat and abrasion. To assure 

perfect operation in all circumstances, bearings 

of hot air valves in the Starfighter are Flame-Plated. 

\ tungsten carbide coating, applied by LINDE’s 

unique method, is the only material tried that 

successfully eliminated galling and provided a low 

coefficient of friction over the required service life of the part. 

With the part Flame-Plated, practically no wear occurred. 

Chis LINDE process is now a regular production procedure. 
Flame-Plating is LINDE’s special process for protecting metal 
parts from wear, abrasion, and fretting corrosion. Tiny particles 
of tungsten carbide or aluminum oxide are literally blasted onto 
the metal surface. Since the temperature of the part being coated 
seldom exceeds 400 degrees F., there is little or no risk of changes 

in its shape or metallurgical properties. Flame-Plated coatings 
can be applied from .002 to .010 inches thick, and used as 
coated or finished to 0.5 microinches rms. Practically all metals 
can be Flame-Plated —aluminum, magnesium, molybdenum, 
titanium as well as copper and steel. 


Your own design may be improved by Flame-Plating. Find out 


how, by writing for a copy of the booklet “Flame-Platine.” F8065. 


Address Flame-Plating, Dept. P-15, LINDE ComPANy, Division of 
Union Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 


In Canada: Linde Company, Division of Union Carbide Canada Limited. 


>¢ 


Lockheed’s F-104A Starfighter, newest weapon of 
the Air Force, is the most advanced airplane of 
its type. To give them the greatest possible resist- 
ance to extreme conditions, bearing surfaces (ar 
rows) of hot air valves used in the F-104A are 
Flame-Plated with tungsten carbide. Flame-Plat- 
ing provides the wear-resistant coating needed to 
withstand the high unit loading and temperature 
extremes jet plane parts undergo. 


UNION 
Pe \ii=i] 0) 3 


The terms “Linde and “Union Carbide” 
are registered trade-marks of Union Carbide Corporation 
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SLECTRIC / NEW... custom-tailored washing machine motor 


- que 
ad ‘ 


S 
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FHEeE 
MOTORS 


It’s an old idea based on need. Make 
the agitator speed variable. Then, 
both light and heavy clothes could be 
thoroughly washed without harming 
fabrics. 

There were no two-speed appliance 
motors available with enough power 
at both speeds. Mechanical means, 
belts and 
clutches, etc., cost too much, took up 


such as gears, pulleys, 
too much space, made too much noise 
and caused too many maintenance 
problems. 


A Packard Electric motor engineer- 


— 


‘ 
v 
of 





ing team was first to solve the problem 
with a compact, two-speed unit that 
had just the amount of speed, power 
and torque required. And washing 
machine manufacturers who worked 
out the solution with Packard Electric 
engineers have had a big competitive 
advantage ever since. 

What’s further 
savings in assembly when you buy 
Packard. That’s because Packard will 
deliver a motor complete with special 
mountings and accessories to simplify 
your assembly procedures. 


more, there are 


Provides power for two washing speeds... electrically! 


Packard Electric research and engi- 
neering teams have a long record of 
accomplishment in the custom-built 
motor field. And, even now, new ideas 
are on the boards to help our customers 
produce better, lower priced products 
for the appliances of tomorrow 


Packard Electric 





Portion of urethane foam continuous process 
unit, F. Burkart Mfg. Co., St. Louis, Mo 


in these 
| ways: 


| 


F p a) pon 


For relaxable cushioning, soft As padding for bulkhead and doors, 
to the touch, yet not bouncy. carpet underlay and seating. 


So tough it hog-rings to seating Elasticity, durability and structural strength 
springs without backing unmatched by any other foam material. 
support or fabric liners. 


...Plus 


ml elaledilelar-! In addition to the above uses, industry leaders are specifying 
ities urethane foam for sound and thermal insulation, underlay, footwear, 
Utility see sporting goods, household items, and dozens of other uses because 
it can be heat-sealed, hot-wire or die-cut, flocked and colored; it’s 
shock-absorbent, density-controllable, resistant to cleaning chemicals, 

soaps, fire, mildew, heat, cold, abrasion. 

Join the leaders! If your produets call for cushioning, padding or 
insulation, you can improve their design, lower costs and expand your 
markets with urethane foam. Remember sales rule 41: “If you wait 
‘til your customers ask for it, they’re already shopping elsewhere.” 





and more 





As supple, light- 
weight interlining 
for outerwear. 


As economical protection for shipment 


Molded safety dash panels and sunvisors 
and storage of precision equipment. 


for shock absorption and cushioning 


So easy to fabricate, it cuts wifh ordinary 


Feather-light, shock resistant Slices so thin it has the drape and 
scissors or power-driven pattern cutters. 


—a wide range of densities, feel of velvet . - . quilts to fabrics 
resiliencies and toughness. with standard equipment. 


. + 
J 
| Mobay Chemical Company 
| Dept. P-3 
ce | * OY Mo. 
Mobay is the leading supplier Please send literature on flexible urethane foams 
of qu ility chemicals produc t Please have representative call on me 
development and technical as 
sistance, to manufacturers of 
urethane foams for industry 


Write today for sources of suy , 
ply rp in bination. MI ( ) BAY 


First in Urethane Chemistry 
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Now “trouble’’ belts become trouble-free/ 


INDIANAPOLIS POWER & LIGHT COMPANY REPORTS: 


Premium V-belts reinforced with DACRON last 


U. 8. PAT 


52 times longer than ordinary V-belts on coal unloader 


The Hewitt-Robins Car Shakeout in the receiving yards of belts and sheaves, to meet today’s demand for more compact, 

the Indianapolis Power & Light Company needed new V-belts more economical belt drives. 

about every three weeks before its drive was switched to V-belts For the next drive you design or install, consider the advan- 

reinforced with “Dacron”’*, In five years’ operation only one tages of premium V-belts made with “Dacron”. They com- 

belt change has been necessary—after three years’ use. Despite bine the unique properties of “‘Dacron” polyester fiber made 

the rugged operating conditions involved in unloading up to by Du Pont and the My gre skills of leading manufacturers 

30 hopper-car loads of coal a day, these belts made with who make the belts. E. I. du Pont de Nemours & Co. (Inc.), 

Du Pont “Dacron” lasted 52 times longer than belts reinforced Textile Fibers Department, Wilmington 98, Delaware. 

with conventional fiber. ‘Dacron” is Du Pont’s registered trademark for it 
The machine that uses V-belts reinforced with “Dacron” 

gets up to 40°, more horsepower from its belt drives than is 

possible with other reinforcing fibers, The ability of these belts 

to withstand greater shock loads coupled with their longer 

flex life results in remarkable durability. They stretch less and 

are more stable than other belts . . . require far less mainte- 

nance. And design men find they can use fewer and smaller BETT 


pol ye 


V-BELTS OF “DACRON” transmit more horsepower. . stand greater shock loads... give longer flex life... 


give greater opportunities for machine-design improvement. 
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) PROFITS 
§ aqua Ce. ~§crewws through 


anes BETTER 
ACTUATION 


NEW 1958 ENGINEERING 7 LOW-COST STANDARD SIZES 
DATA BOOK 
and STANDARD ASSEMBLIES 36-page book is crammed with helpful facts on b/b Screw 
PRICE LIST Basic Operation e Applications e Advantages e Features 
Characteristics ¢ Technical Data « Standard Assemblies 
from world’s largest producer of Couplings e Design Data « Engineering Assistance ¢ Service 


b b screws and splines Make your volume products easier to produce, operate and 
sell with Saginaw b/b Rolled Thread Screws—they cost 
no more and are far more efficient than acme screws! 


Saginaw Steering Gear Division, General Motor 
b/b Screw and Spline Operation, Dept. 4PE, 
Saginaw, Michigan 


Please send 1958 engineering data book 
Splines, and standard assemblies price list, t 


NAME 


CYEAUS | company 


ADDRESS 


standard assembly 


SAGINAW STEERING GE DIV., GENERAL M { CORP AGINAW, MICH CITY 
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overall length 42 inches 


Now...from Doehler-Jarvis...die castings 


so 
N 


ee co 





X-ray of the Falcon’s fin proves 


Now you can have structurals die cast to standards as high as 
those for primary aircraft structurals 

Die cast! With all the economy, precision, surface superiority, 
ease of assembly that implies. Die cast of aluminum, or of a 


ify 


ity magnesium alloy, like the 42” Falcon stabilizer fin. 


They said it couldn't be done! 


But there you see such a structural! Along with X-ray proof 
of soundness, uniformity, primary-aircraft-structural® quality. 
Mind you! The Falcon fin is in commercial production. 
Doehler-Jarvis has die cast thousands. Each has had to pass 

. . ; “e: ay? 73 inspections before acceptance ...including 100% X-ray. 

The Falcon is an air-to-air missile built by Hughes Air ; ; 

mpany for the U. S. Air Force. Its light weight In one control, sections of castings are continuously tested 
abilizer fi train during course for tensile strength. In this examination of physical properties, 


the castings normally exceed tensile specifications by 15% or 





of primary-aircraft-structural quality 





their uniformity and soundness 


more. Quality is so high there has never been a single test 
below specification 


How did this come about? 


Like many developments in die casting, this one started with 
a customer’s need... Hughes Aircraft’s 

They, and the Armed Services, needed such castings. Th« 
parts might be made other ways. But at what cost! What sacri- 
fice in weight and materials! If it could be die cast, if there 
were a magnesium alloy able to stand supersonic air stresses 

It took a while. But, with close cooperation from engineers 
of both Doehler-Jarvis and Hughes, the way was found. 

Now you can list die castings of primary-aircraft-structural 
quality among D and J availabilities. Get them from any 
Doehler-Jarvis plant. 


Doehler=Jarvis 


DIVISION OF NATIONAL LEAD COMPANY 


General Offices: Toledo 1, Ohio 


in Canada 


Barber Die Casting Co. Limited * > 


D; Hamilton, Ontario “2 
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Profit-minded fleet operators choose 


White Trucks equipped with long-lived 
BLOOD BROTHERS Propeller Shafts 


Whatever the job, construction work or highway hauling—profit’s the mo- 
tive. And on White trucks, dependable components like Blood Brothers 
Propeller Shafts give fleet owners extra profit protection 


At highway speeds, precision balanced Blood Brothers Propeller Shafts de- 
liver maximum torque smoothly—with minimum vibration. On off-the-road 
jobs, they stand up under the sudden shocks and strains of the most demand- 


ing service 


That's why for today’s high horsepower engines, White and others depend 


upon Blood Brothers Propeller Shafts 


If you have a propeller shaft problem, look to Blood Brothers. Our engi- 


neering department will be happy to make suggestions 


BLOOD BROTHERS UNIVERSAL JOINTS 
MACHINE DIVISION AND DRIVE LINE 


ASSEMBLIES 
ROCKWELL SPRING AND AXLE COMPANY 


ALLEGAN, MICHIGAN 
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NOTHING can equal 


Stain less Steel 


in its unique combination of properties 


No other design material can match Stainless Steel in it 


combination of desirable properties corrosion resist 


ance, strength, hardness, beauty, cleanability and eas 
fabrication. If you’re looking for a reliable source of 


supply, remember that United States Steel offers 


You 


the widest range of types, finishes and sizes 


CN “ry vy TiNVGN STEE] 
} 4 4 4 
USS STAINLESS STEEL 
SHEETS - STRIP «+ PLATES - BARS BILLETS 
PIPE - TUBES - WIRE + SPECIAL SECTIONS 


UNITED STATES STEEL 


< 

FOR BEAUTY. Stainless Stee! shingles in diminishing size 
create a beautiful, gleaming steeple for the State Stre« 
Methodist Church in Bristol, Virginia. Architect Allen D1 
len, of Kingsport, Tenn., specifies Stainless Steel for S 


like this to assure lasting beauty, protection from weather 


and freedom from maintenance his spire is sheathed in 
Type 302 26-gage Stainless Steel, and the cross is built of 
[ype 302 Stainless bars. Construction details were en; 


neered by Overly Manufacturing Company, Greensburg, Pa 


who also fabricated and erected the ste« ple 


FOR FLEXIBILITY OF DESIGN. In this “Cold-Zone” cooling 
storage milk products tank, made by Damrow Brothers Com FOR DURABILITY. The Master Combination Padlock 


pany, Fond du Lac, Wisc., Type 304 10-gage Stainless Steel signed for school locker room use and built by Master Lock 
was used for the smooth, easy-to-clean inner wall. Again Company, Milwaukee, Wisconsin, fe 


itures a double-case 
Stainless Steel—this time Type 304 16-gage—was used for the construction—with 


l vy pe 430 Stainless Steel 1st lor re 


dimpled outer wall which is stave-welded to the inner shell outer case. This Stainless Steel design makes it one of the 


This unusual design of dimple size and arrangement gives strongest padlocks available. In addition to increasing the 


proper baffling and velocity to the refrigerant as it passes lock’s durability, Stainless Steel al 


so adds to its sales appeal 
through the cooling area. Stainless Steel provides greater and to its resistance to the 
sanitation, durability, long life, strength and—the flexibility locker rooms. The 


necessary to make this design possible less Steel 


corrosive atmospheres of damp 


springs, too, are made from USS Stair 


[ype 304 Ameroxide coated wire 


a 





how ASVA solenoid valve compactness 





solves /ILEX control problems 


Is limited space a problem in your design? ASCO 2-Way 
Bulletin 8210A Solenoid Valves can save you critical 
just as they have in the compactly designed “Silex 
Coffee Maker.” Here three ASCO valves were crammed 
into an extremely limited area: a drain valve which flows 
hot water into the brew tank; a decanter valve which 
channels brewed coffee to the dispenser and the 8210A 
which releases cold water to flush out coffee grounds. 
The 8210A valve used measured only 3 13/16” in height; 


5 ” . _— 
2%4” tace to face. 


space 











Here is what Silex Project Engineer, H. M. Voglesonger, 
had to say about the 8210A: “The compactness of the 
ASCO line of solenoid valves makes them ideal for the 


the successful manufacture of the equipment possible.” 
Bulletin 8210A valves are available in pipe sizes up 


to 3”; pressures to 350 p.s.i.— in standard, watertight or 


close quarters required in the internal construction of our 
Silex Coffee Brewers. The 8210A valve and the two spe- 
cially designed valves we have selected have proved ex- 
tremely reliable; after a year of operation under the most 
severe conditions, we were thoroughly satisfied with the 
product quality. ASCO ‘Engineering Service’—the extra 
help provided by the ASCO Engineering Staff — made 


explosion proof enclosures. Fluids handled include air, 
gas, water, light oil and other non-corrosive liquids or 
gases. If you have a flow control problem involving any 
fluid—corrosive or non-corrosive—check on the advan- 
tages of these ASCO qualities: compact design, depend- 
ability in action and cooperative “ ; 
Write for complete details. 


Engineering Service.’ 


Write for Catalog 201 covering complete line of ASCO solenoid valves 


Automatic Switch Co. 


54-G Hanover Road, Florham Park, New Jersey 
FRontier 7- 4600 
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PERSPECTIVES 





What's Ahead for 


Business in 1958 


Reason: Past Buildup 
of Manufacturing 
Facilities 


The Classical Cycle 
Doesn't Follow 


Don't Forget 
Sputnik and Muttntk 


The Facts of Life 


in Today's Business 


Product Engineering November 


in design and development .. . 


In general, 1958 will be a good year for business, according to a new 


report from the McGraw-Hill Economics Department. In fact, with the 
help of some more price increases, the total dollar volume of business 


should be higher than it is this year. But beating this year’s volume will b 


i 


¢ 
hard because business plans to cut spending by 7©%, compared with 1957 
Investment by manufacturing companies will be down 16° 

However, using only 1957 for comparison will give a somewhat 
torted impression. For example, investment in 1958 promises to be higher 
than that of any year before the start of the present investment boon 


Take 1955, a year in which investment was not down, but extremely high 


In physical terms, it appears that next year’s planned investment 
producing facilities should be about 10©, higher than in 1955 


values it should be 20°; higher. 


This is the first time since 1954 that investment in new plants and equip 
ment has been down. The reason is the recent build-up in manufacturing 

the area to be hit by the investment decline. This build-up was shown 
in recent surveys. According to last year’s report, capacity at the end of 
1957 will be up 13% since 1955. But production has shown almost no 
increase. The new survey reports manufacturing companies operating at 
about 82, of capacity, a drop from 92% at the end of 1955 and 86% 
at the end of 1956. Manufacturing companies want an average rate of 
90%, so this let-up in expansion rate avoids a dangerous excess 

It figures then, that industry men are not going to allow a surplus of 
facilities to develop. Expansion programs and construction schedules are 
being stretched out to allow for a more orderly adjustment of potential 
productive capacity to actual production. This is necessary because, for 
the first time since World War Il, manufacturing capacity generally is 
adequate, or more than adequate, and all types of manufactured goods 


are in ready supply. 


According to an old investment cycle theory, 1958's 7°,-spending 
drop will start a decline that should accelerate to 15-20% in 1959, 


and go still lower after that. But this is not likely to happen 


Russia’s launching of her two globe-circling satellites has an important 
bearing on the business outlook. The “moons” spotlight our scienc« 
race with Russia, and in the long run will mean great development pro 
grams to increase our stature in science and technology 

In the short run—months, that is—Sputnik will slow the scheduled 
cuts in defense spending. One of the first moves in this direction was 
the reinstatement of nearly $200 million for research and development 


lopped off in August. 


Intelligently managed firms have to work hard to cut costs and main 
tain competitive pricing. It is hopeless to expect that costs can be 
reduced by the cooperation of labor in foregoing wage increases. It is 
more likely that wages will continue to advance at a rate that will be 


difficult to match in terms of productivity, Only continuous investment 


ntiinued nf 





Special Bolting Requirement ? 
USE A SPECIAL FASTENER 


The range of Bethlehem standard fasteners is wid 

handle most bolting requirements. But quite often a 

calls for a special fastener, one designed to meet a specific 
Special fasteners are likely to be the economical answer, espe 
when the quantity is large enough to absorb the cost of special 
tools and machine set 

{ 


icing fastener specials 


We're old hands at designing and pre 


OOPUCOOCOEEE ORR OORROGQOGOR EF 


At Bethlehem’s modern plant in Lebanon, Pa., we're constantly 


ATO he 


turning out the unusual in headed and threade product Our 
fasteners engineers are often able to improve on the design of the 
bolts you're now using. But not always. When a special fastener 
is not practical, we'll say so frankly 


So whether you need standard or special fasteners, let’ 
it over. We'll gladly study the problem and make our recom- 
mendations. Just t in touch with the nearest Bethlehem sales 


office, or write to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY 
BETH 1EM, PA 

On the Pacif 1s¢ Bethlehem products 

y Bethlehem Pacif ; teel 

fribut Bethlehem 


f ation 


A 
u 


1 


WY 


\ 


A | B MAN 





A 





BETHLEHEM STEEL 
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PER CTIVES (continued ) 


a, 





in cost-cutting equipment will keep productivity advancing with wages 
Business will be straining to expand markets in the next three to five 
years. The key to these markets is new products—which often require 
a large capital outlay. The survey showed that by 1959, about one-third 
of all manufacturing firms plan to make substantial capital expenditures 
to bring out new products. This proportion will increase steadily. 

Look for big advances in product design and development. The huge 
sums (about $7.3 billion this year) invested in research and development 
bear this out. This figure is up some 20% from last year’s $6.1 billion. 
This past spring, industry had plans to carry out almost $9.3-billion- 
worth of R & D in 1960. The new survey shows that while there will be 
a decline in capital spending in new plants and equipment, most com- 
panies intend to spend at least as much for research in 1958 as they 
spent in 1957. 


N, M. t . ] The development of new materials, machinery and manufacturing proc- 
> ) / »y ° ° ~ . . 5: 
LVen alervials ess will, in the next five years, force design changes on manufacturers. 


Force Changes But the manufacturers will have no choice if they hope to keep up with 
on Manufacturers 


competition. For the most part, these new materials and designs will 
increase product quality and lower direct labor cost. But they will 
also require new capital—in large amounts where new processes are 
involved. Consequently, there will be no lack of investment incentive 
It is expected that industry will spend all of its depreciation allowances, 
and all of the earnings it can retain for some time to come, on new, 


improved plants and equipment, and on special tooling for new products 


7 , y We're in for a breather. There will be a period of active investment 
Summing Up and high capital requirements, but the pressure in 1958 will not be as 
strong as in 1957. For the long-range planner, set your sights on 1960 
By that year, investment in new plants and equipment will probably be up 


again, and heading for another record. 


Tax relief, early easing of credit policies, or some similar new force 
A nother must be put into operation to better business prospects for 1958, or the 
Viewpoint situation will continue to weaken, according to Martin R. Gainsbrugh, 

Chief economist, National Industrial Conference Board. Speaking befor« 
the 12th National Membership Meeting of the National Tool & Die 
Mfrs. Assn. at the Edgewater Beach Hotel, Chicago, Nov. 1, he pointed 
out that key indicators are dipping, although the gross national product 
is continuing to rise. 

Goods and services were up almost 6% in 1956, half a real advance; 
the other half, price increases. The first half of 1956 showed a similar 
increase, but price rises were more pronounced. Manufacturing output 
has sagged about 2%. Capital-goods production is off more, but the out 
put of non-durables, hitting a high in September, is holding the total up 
Consumer expenditures for non-durables show the greatest rise. 

Factory employment was down in September, but total non-farm 
employment was up—led by insurance, financial, trade, construction, and 
state and local government. Total employment was 750,000 above last 
year in September. Four forces which had held employment up are all 
now weakening, appropriations for new plants and equipment are 
declining, exports are down, but consumer buying and state and local 
government spending are still rising. PAUL ANDERSON 
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NEW DEPARTURE PILLOW BLOCKS-— 
BUILT FOR LOWEST MAINTENANCE 


New Departure adapter ball bearings are sealed 
and lubricated for life. 

Design is compact and rigid—fits easily 

in limited space. 

No grease nipples or other protruding lubri- 
cating fixtures needed. 

Pillow blocks are easily mounted without need 
for any special tools. 

New Departure ball bearings are high capacity, 
precision-built for long life. 

Bearing and block surfaces are spherical to 
accommodate any misalignment. 

Thirty-two shaft sizes, '4" through 215%”, 
for wide variety of applications. 
Interchangeable with most other 

makes of pillow blocks. 


Mounting pads are furnished with 
each New Departure Pillow Block to 
assure easy interchangeability with 
all pillow blocks having a high base- 
to-center dimension. 


New Departure Pillow Blocks employ per- 
formance-proved Type AE adapter ball 
bearing with Sentri-Seals for long-life pro- 
tection against dirt or grease leakage. 


Send tor Catalog PBC 


’ a-7 @ 


eos 


FORWARD FROM 


Bearings are easily applied 
to shafting and are posi- 
locked 
with eccentric cam locking 


tively in position 


collar and set screw. 


Elongated bolt holes 
designed to accommodate 
practically every type of 
spacing for hold-down bolts. 


EPARTURE 


DIVISION OF GENERAL/MOTORS, 


BRISTOL, CONN, 


NOTHING ROLLS L/KE A BALL 
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dont tense! 





Advances 
in tooling now offer 
* larger ratios 
* thinner walls 
* smaller parts 
in 


AL 


aE 


IMPACT 


Composite part... 

top, left) replaces seven-piece assembly (right) with rT 

one impact extrusion. Cheap aluminum extrusion shown Fl 
as part and section (bottom) replaces brass part 1 
right made by automatic screw machine : : 


. 


- 
Miniature parts .. . 
with OD no more than 3/16 in 
can be made with length-to-dia 
ratios as high as 8:1 


Wider ranges of OD, length 
and wall thickness are now possible using hydraulic presses 


and better tool materials. 


iden the size range of tubes, radio-capacitor housings, and tube shields. Even 
t extrusion—the most before the new developments, full capabilities of the 
seamless cvlindet process were not always realized. But now, aluminum 
impact extrt n in be pecine¢ 1 in even more design 

ir€a 
Impact extrusi ffers a high production ate, 
little waste; it gives parts with close tolerances, good 
mecentricity, and good mechanical properties. Tool- 
confines ing is simple, with only about two weeks between 
] 


collapsible design and production of finished parts 
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Integral flutes 
locate laminations in these motor armature and 
field parts. Note also the thin double wall 


combined with extreme variation in thickness. 


End shapes . 
be extruded in unlimited var 
to give connecting rods, lefterir 


wrench socket 


ES TRUSLO 


NICHOLAS MARCHAK 


ect # Rese r 


This I s that easily produces all types of 
closed cylinders in the true geometric sense—rectangular 


triangular, round, } nal, or other irregular shapes 


with parallel sides. The closed end can be made with 
in unlimited variety of shapes and bosses on the 


inside or outside. These shapes can be used as nozzle 


es, printed lettering for directions, and 


integral, closed end is leakproof and ; 
. rrequent rep! 

of this proce 
Max bott 


die depth, 


for secondary crimping, sealing 
Fluting can be formed on both the 
r a part gripped by hand; to 
laminat motor windings; to allow 
. initial contact of 
ion “gem 
compressed: « 
being extrud 
NEW DIMENSIONS —_ os 


times 





Parts can be larger than 5-in. dia now—hvydraulic 
presses give a sufficiently high pressing force without 
imparting excessive impa » the punch 
Length-to-dia ratios were formerly limited to 6:1 
They can now go 14:1 because of the higher- Rapid delive 
trength material used in punches which are stiffer, so of the proces 
| 


can withstand higher forces without bending. Hydraulic tiple steps 
presses give the longer stroke needed for longer parts. im pac 
I‘hinner walls—down to 0.004 in.—are now made by 
harder tools which do not wear rapidly when used with 
low clearances. Stiffer punches can be centered more 
accurately in relation to the die—for both close toler 
inces and thin wall 
Miniature parts of { dia are now possible be 
iuse better tool material allows slender punches and 
dies to withstand the necessary impact forces. Extru 
sions are being produced with a ratio of 8:1 in this 
small size 1 both circular and noncircular shapes 
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The Impact Extrusion Process 


this simple setup for extruding 
1 cylinder, the metal blank is 

aced in the die cavity and the 
punch comes down with such force 
as to generate sufficient heat to 
render the metal plastic without 
becoming molten. With aluminum 
temperature reached is about 
600 F. Under pressure the meta 
fills space between punch and die 
Result is a forging. As pressure 
continues, the metal extrudes 
through the only outlet the 
narrow annular space between 


punch and die. It rises uniformly 


on the shaft of the punch, forming 


the walls of the extrusion. The 


extrusion continues flowing during 


the downward movement of the 


punch, giving a seamless cylinder 


with a forged closed end, that has 


already been cold worked to 


full hardness 


~ 


[ Die bose 


or Anockout 





he setup time is proportionally more 

iction time. 
ire improved by cold-working along the 
rt. This | 
ten eliminate necessity for heat treatment 


yives superior mechanical proper 


An added advantage is the absence of machining marks 

perpendicular to the axis—eliminating notches which 
fatigue resistance. 

posite impact extrusion can replace assemblic 

from two or more pieces. As replacement for 

made by a screw machine, it has sufficient stiffness 

even though smaller amounts of cheaper materials are 

being used. Construction of two forged pieces can be 

combined, an example being pistons with piston rods 

Parts can have integral names and embossed lettering 
without attaching name tags. 


EDITOR’S NOTE: Other articles on this process: “Impact 
Extrusions,’ Apr ‘54, p 173, gives typical examples for different 
classes of impact extruded shapes; “A Closer Look at impact 
Extrusion,” July ‘54, p 129, goes further into details of the 
process as they affect engineers—included are data on 
aluminum and steel extrusions, mechanical properties, sizes, 


tolerances and surface finish. 
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ENGINEERS — 
CAN B 


et ee 


ND 
AND KEPT 


G. F. NORDENHOLT 


Editor of Product Engineering, 1933-1957 


a eee | 


' 















The current shortage is the most constructive thing that has happened 
to engineers—especially designers and project engineers. It has compelled industry 
to pay salaries more nearly in line with the value of services rendered, 
elevated the prestige of the engineer, and compelled management to take a closer look 
at the human product of the technical university. Industry has begun to contribute 
millions of dollars to higher education because of the indispensability of college and university 


In the weeks just before relinquishing 














his responsibilities as Chief Editor 

Mr. Nordenholt visited top executive: 

and chief engineers in some 30 leading 

manufacturing companies, getting their 

viewpoints on this problem of selecting 
and keeping—engineers. Here is what 


they told him, combined with some of 





Mr. Nordenholt’s own pertinent observations 


fe bout time t stop crying havoc, and t tart 


examining the “engineer shortage” with the cal 





: ; 
culating eye of an engineer. Obviously the short 







does exist. More engineers are needed to design and 
produce the ever-increasing volume and variety of 
new products. But, complicating the problem, espe | 


cially in the design field, a much higher 









education and training is required. Obvious solu th I M 
tions to the problem are: Produce more trained 
design enginee;®rs use engineering manpowe! INOTe 









efficiently 


But why ir some companies ‘shorter thar 


ill 5 
others 
It is wasteful to assign work to a college-graduat 
engineer that can be done as well or better by Of 
a company-trained trade-school graduate. This not le 
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GIVE GRADUATES RECOGNITION 


“Pay must parallel the responsibility and rank of the job.” “Keep the whole range of salaries in line and you will have little 
, , 2 trouble in hiring away the best talent of the company that doesn't.” 

“We keep more than 70°% of the men we hire.” we a Neti ae wating 

“ur turnover in the engineering department, including sales e- than the adi ee 

gineering and research, is little more than 5%.” 


or their equi\ lent, who will be abl istering th 


ign problem AMF engi 
ADVANCED TRAINING DOES COUNT 


tandard t 
Result: an AM] 
can obtain an MS 


Re 


AMF has a 3l-da 

n periods and lect 

ts include drafting, acco 
search, patents, contracts an 
\ Iso sponsors atter 

has had a relativel 

al training. Som«¢ periodically to N 
take this training rican Ma 


or 
i 
} 


to nagemen 
yy irsec held ther 
graduate has to sup- nt irses held there 


hool grad has 


trade-s 


OR DO IT THIS WAY 


raduates, men from our At Reliance lectric & 
luates,”” says Michigan engineering graduates 


mes up that requires been markedly successful in hiring 
} 


1 specialist best mechanical aptitude for engineerin 


rx not. We feel Reliance only sionally 
ntain cOurses in geal undertake reseal Instead, it 


Institute of Technology and Fenn College, and 


a onam thakints @ We Co-op scholarships are 
THE TRADE-SCHOOL ANSWER p nas Penn Praag eis, -Atene 


given each year to half-a-dozen promising high-school 
l-engineering graduates quit a design graduates. During the co-op course, they usually 
find the jobs assigned to them too work at Reliance 
it chall 


assigned t rad schoo 


enging. Such tasks should be How does such a program work? The greatest 
graduates or mechanics being worry of the new trainee is “THEY’, the ghost up 
trained as designers. Turning shop men and trade stairs, until the responsibilities all along the line of 


raduate nt 


4 
] 
i 


it 
solve much of its engineer shortage dump the trainee in his new boss’ lap. Have a hiring 
the standing of the engineering-college and training group make periodic checks on what the 
and the educating can be done at a reasonable trainee is doing and advise his boss on how to handle 


training must be done by experienced him.’ 
how to teach In hiring college grads Reliance works closely with 
1 ] 


need for more and better design engi college 


designers is the quickest way management are brought into perspective. Don’t just 


mpan to 


placement officials. Reliance men who are 

Machine & Foundry Co. cooperated alumni of a college are assigned to interview pr spect 
} he miIVeT + ‘ nne " aT ry ; " * or ] " ] oe] : > ; 

with th iversity of Connecticut to set up a gradu in the graduating class. Tau Beta Pi men and member 


ate-level curriculum for training men selected by the of other honorary societies are given special considera 
ympany (Oct. 28, p. 51). Classroom space was found tion 
a local high school. With the university admin But not all recruit me from colleges: some 


Product Engineering November 









UPGRADE TECHNICIANS 


“We have trained college graduates, men from our d 
own shop and trade school grads to become compe- 4 i 
tent engineers.” 4 eS 

“Most engineering-school grads want sales; they : 
feel engineering is too narrow.” Pd 


“Each man in the department should have the most ff 
difficult job he can handle.” 4 

“Many graduates quit a design career when they 
find the jobs assigned to them too elementary.” 


“High scholastic marks do not always assure a high 
degree of engineering design ability.” 
















from competing compani These men have heard that | hy O \ t We k 


ibout Reliance and have decided they would like to more than 7 f t 
work for this compan Other job candidates come At Warner & Swa 
from employment agen friends of the compan fill specifi 
off the street.” civen a down-t 
Men hired at Reliance receive psychological and planned program of St 
iptitude tests plus many interviews and days of screen omparable to that off 
ng Ihe recruits are ¢ n an indoctrination of talk N indu ent 


lectures 








two are assigned tentatn t engineering, produc- I he 


tion or sales. 














THE SCHOLARSHIPS APPROACH nt a 
At Sheffield Corp., special emphasis is placed on it his abilit Sch t 

















company-contributed scholarships. Since 1952, Shefheld proportion of school ex} 
has given 56 of them, paying practically full expenses to be a measure, in som f f Lor 
it Northeastern University or the University of Cin traight technical men, : t ! » to 
cinnati for 4-year co-op courses. The scholarship men extracurricular activiti 
take their shop work at Sheffield Likely-look 
All employes and sons of employes of Sheffield are nvited t it the plant for t If 
eligible. The man selects the course—metallurgy, ME, th re invited to bring their wv us ) 
EE or business administration. Scholarship applicants th it, ni t t 
must have had an average of 85% plus in high-school ginect id practical 
math and sciences, and come from the top third of l) ire also given titud t 
their class. Significantly, 50 of the 5¢ holarsh p win i mpared with test 
ners to date are in school or still working for Shefheld Each vear, about 2 mel 
Shefheld’s engineers, especially the new ones, ar impuses, some 80 will be invited to the plant 
given much personal attention, receive challenging engi will ffered jol ind about 


neering assignments, are not kept on a job so long that 


it becomes dull routine, are promoted as fast as px WORKING WITH COLLEGES 


sible. Pay parallels the responsibility and rank of the An expansion prograi potlights t 

job. These factors help explain the low turnover neer-recruitment prob] ver at Nat al ( 
And the low turnover leads to fewer new engineers Register, which has tripled th f its design and 

needed. Shefheld had to hire seven last June, and research department 

could choose from an original list of 60 ipplicants for ttack along a broad front 

the engineering jobs open in sales, research, designing It conducts classes in cost accounting | 

and other departments. This meant the company could tices. Like many oth npan t trains tech 

pick and choose. The men had been given standard high-school graduates t me draftsmen a de 

tests by their university to establish their relative stand tailers. And it keeps in close touch with technica 

ings in math and certain engineering subjects. Then hools and colleges. It has a list of about 

those surviving this screening were given aptitude tests llege illed upon regula in the search f 

by Shefheld management, and interviewed by at least gineers. It does not ove k sch is a Mea 

four company executives, before final evaluation and cement close relations with engi ing eves 

selection. prospective employec F th ip] h ' 
Will the new engineer stay on with the company NCR, professors from selected schools are hired a 
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of depa 


ved to make 


WHY ENGINEERS 


} 
In many compan 


QUIT 


change in the method 


grad when he joins the 
\s explained by th 
companies cover 


lege graduate 


ty) 


ign Or manufact 


ivO Most cll 


} 
they feel engineering 1s tov 


} 


freedom, a better atmospher 


Is the empha placed on 


} 


education—more humanities” crea 
ing students an inferiority complex? Is t 
tion glorifed that the 

come! made 


At Reliance Electric, the new colleg 


a complete, broad picture of compan 


being sO 


decides he 1 mistake 


sonnel policies, business philosophy, and 
tructure. What is the 
Of college 


25% are hired 


result? 


Of course, the 
chief engi 


>.) 
Re Nance 


from the 
the art 
ind hi i 


viewing, 
trained in 
engineer istant 
agement 


Result: 


lurnover in_ th 


men adomeg 


CONTINUE TRAINING 

“Selected engineers should be sent to schools to take refresher 
courses.” 

“The company subsidizes membership in engineering societies.” 

“Engineering magazines and books should be provided, and time 
for them allewed.” 


“Today, the engineering department must have first-class quar- 
ters.” 


“Give the chronic crabber little or nothing to criticize.” 


ORIENTATION HELPS 


\ 


grads coming to Reliance for intervi 


tl ll I ek el I line element 


THE FLEDGLING AS CRITIC 
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RECRUITING AND SCREENING 


“About 40% of the interview is spent telling the student 
about the company; 60% ferreting out his abilities.” 


“Candidates are invited for a 2-day visit to the 
plant. If married to bring their wives.” 





“Prospects in the graduating class are interviewed by 
alumni on the engineering staff.” 








“Those surviving initial screening are given aptitude 
tests by management and interviewed by at least four 
company executives.” 





Rules simplify 


INSTRUMENT 
GEAR SPECIFICATIONS 


Specifying too many requirements is time-consuming and expensive. 


This article evaluates such considerations as backlash and tolerances, 


and boils specifications down to a minimum 


WILLIAM A. WIEGAND, President, Dynamic Gear Co., Inc 


G. irs for light loads and moderate duty—often called 
instrument gears—cover a wide pitch range and are 
made in many precision grades, Selection can be simpli 
fied by following a few simple rules and keeping the 
pecincations to a minimum 


] Select the finest pitch that will carry the load. ‘This 
e of the gear train. Stocked 
ears are available to 120 pitch, and can be made to 
der to 200 pitch 


permits reducing over-a 


? For minimum backlash, pick gears with a 144° pres 
ure angle. The backlash here is considerably less than 
with 20 pressure ingle gears of equal precision (see 
hart). The 20° gears carry more load and have a longer 
life, load on most instruments is light and a long cyclic 
life is not required 

\ 0.0015-in. tolerance on the pitch diameter, for 
greater backlash (0.0005 in.) with 


gears than with 144° gears (0.00038). Viewed an 


other wav, a backlash range from 0 to 0.0013 in. for 


example, will result in 


144° gears would require a max tolerance range of 
0005 in for example, pit h dia might be 1.000 in 
plus 0 minus 0.0005). But for 20° gears, the tolerance 


| 
to 0.00038 in. This may increase cost of 


3 Call for Pr Ol or Commercial IV class gears 


whenever pt voiding Precision II unless you are 
ure the tight toler es are required, Over-designing 


gear trains is a common fault. Sometimes it is deliber- 


80 


| 
itely done to insur 


] 
I 


icceptability of prototypes—a later 
relaxation of tolerance is intended but, too often, never 
comes. Short target dates can also be responsible for 
needlessly tight tolerances; the designer assumes there 
will be insufficient time after receipt of gears for special 
fitting into the assembly. This makes both prototyp« 
ind production models costlier than necessary. A Pre 
ision II gear can cost nearly 150% as much as its 
Commercial I\ 


duction quantities, here is how cost compares for the 


unterpart lor a typical gear in pro 


three classes of gears: 
Commercial I\ 
Precision |] 
Precision II 


4 Specify b tolerance, face run-out, and pitch dia 
tolerance in line with AGMA requirements for the class. 
Gear drawings often call for over-loose tolerances on 
these dimensions, especially when the specifications 
include a drawing of the gear blank. A gear cannot be 
made more accurate than the gear blank on which it is 
cut 

l'ypical is the error of calling for a 0.001-in. tolerance 
on the bore for Precision I or II gears 


5 Obtain the max tolerance on OD by using the 
\GMA formula, 0.2/pitch. This gives max allowable 
variation below nominal OD. Applying the formula to 
1 48-pitch gear, for example, indicates acceptability of 
in OD tolerance that is 0.004 in. under nominal 

Of value also is the common practice of applying 
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AGMA Gear Tolerances 


Type of Tolerance Gear Class 


Commercial IV Precision |! | Precision Il 

Tooth-to-tooth error 0.0007 0.0004 0.0003 
Tooth composite error 0.0015 0.0010 0.0005 
Plus tolerance on bore dia 0 0008 0.0005 0.0003 
Lateral (face) runout per in 

of dia 0020 ) 0015 0010 
Minus tolerance on PD 0020 0010 0005 
Concentricity of OD to bore 0.0015 0010 0005 


itch dia tolerance to the OD. On a Preci- 

0.00l-in. tolerance on the PD, a 

in.-tolerance would be allowed on the OD; 

m II with 005 PD, the OD tolerance 

would be —0.001 in. For normal applications, however, 

such tolerances may be tighter than necessary, and it is 

better to apply a tolerance of —0.002 in., or the formula 

0.2/P, whichever is the lesser figure. Where a gear 

is not top-hobbed, these tolerances should certainly be 
adequate 


6 Specify top-hobbing whenever concentricity of the 
OD to the PD is important. In this operation, PD and 
OD are generated simultaneously and the whole depth 
of tooth is governed by the hob or cutter. It is possible 
to hob a ge to PD size and find the OD slightly over- 
size because slight errors in manufacturing or sharp 
ening the 

If this occurs split the toler e to permit a plus tol 
erance—that is, specify +0 wr +0.1/P, which 


] r 1 r " yaw 


{) 2 in 
P 


['wo methods for specifying pitch dia of instrument 
gears, and its tolerances, are the center-to-center distance 
specifications, and measurements over pins. In the 
center-distance specifications, tolerance is not applied 
directly to the PD, but to the variations in center dis 
tance as the gear is rolled in mesh with a hardened 
ind ground master geat 

Because AGMA specifications tie down the permis 
sible center-distance variations and backlash for the 
lasses of gears, pitch dia should be specified on the 
drawing as being for reference only. For example, by 
specifying a_ Precision I, Class C, 48-pitch gear, the 
total permissible variation in center distance is 0.001 
in., and the backlash is 0.001 to 0.002 in. These fig 
ures can be obtained from the AGMA Standard 
236.04 for fine-pitch gears, or from “Methods for Speci 
fying Precision of Spur Gears,” Nov. ’56, p. 135 


7 Keep drawing specifications of the gear teeth to a 
minimum. Unless gears are to be critically inspected, 
only the information in the required-data column of 
the simplified form (right) need be specified. 
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Backlash values 


for instrument gears wit 
ably less than those for 


TOO MANY SPECIFICATIONS? 


Only the gear-tooth information in the required-date 
column below need be specified. The optional data, 
usually included for inspection purposes only, are de- 
rived: (6) and (7) from standard gear formulas; (8) and 
(9) from reference tables; (10) through (16) from the 
AGMA specifications in (5 


Required Dato 


Number of teeth 
Diometral pitch 
. Pressure angle 
« Pitch dia (ref.) 
. AGMA spec 


Optional Data 


Addendum 
Whole depth of tooth 

. Measurement over wires 
Wire dia 
Center-to-center distance 
Testing pressure 

. Tooth-to-tooth error 
Total composite error 
Pius tolerance on bore dia 
Loternal runout per in. of dio 
Concentricity of OD to bore 


EDITOR'S NOTE: A simple method to check pitch dia is t 
place two pins between opposite teeth and measure the dis 
tance with a micrometer. Tolerances for the measurements 
have recently been computed in “Tolerances for Overpin 
Measurements,” May ‘57, p 194 
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Guest Editors Sift London Conference 


There is a wide gap between theory and 
fact in the phenomena of friction and wear. 
But this gap was narrowed in several areas by 
papers presented at the London Conference on 
Lubrication and Wear, sponsored last month 
by Institution of Mechanical Engineers. 

Of the 104 papers presented, quite a num- 
ber were of primary interest at the design 
level. To evaluate them, Product Engineering 
commissioned two well-known American spe- 


Friction and Wear 


ERNEST RABINOWICZ, lLubricat orat Massachusetts 


SOLID FILM LUBRICANTS— 
BEST REPRESENTED GROUP 


RB Lal 


N.A.C.A 


ting 
uttin 


iS 


] 


ire more 


re Freitag (44 


ummarizes nls I 


rotating ball 


friction phenomena at high speeds (to 
that the di: yp in 


ma h 3 ind 
fry 


iused by bulk melting since the avail 
ry w. Simpson & 
5) of Napier 


land, find that 
nd 


COMBINING MATERIALS 
TO IMPROVE QUALITIES 


] 


Institute of Technolog 
vy 


mat 


ence of liquid 
dium, and find 


pful than random ’ 


toin at high 


magnetic fields 


rioration of ball 


()] 
n and of mixtures « 
materials seen 
trend, that 
stems composite to f—-A+BW“ 


cialists to prepare the discussions that follow. 
Ernest Rabinowicz selected the papers on fric- 
tion and wear for comment; H. A. Hartung 
took over the papers on lubrication. 

Papers are identified by the numbers as- 
signed to them in the official program of the 
conference. Copies may be secured from In- 
stitution of Mechanical Engineers, 1 Birdcage 
Walk, London, SW 1. Single copies are one 
shilling; complete set, two pounds. 


ombine advantages of both materials 
Duckworth and Forrester (90) pre 
ent a new theory of wear based on 
dimensional analysis. The final expres 
sion in their equation contains as vari 
ibles the melting temperature of the 
metal, its specific heat, the hardness, 
the atomic diameter and the free en 
He find ergy of 

g through the 
by thermal 


ypposed 
pposea 


oxide formation. The prop 


erties of the lubricant do not appear 
explic itly in the theory 

ge, the wear RUSSIAN CONTRIBUTIONS 
; 24 tim<¢ 
M.E.R.L. lab 


st 


Che six Russian papers make realis 
issumptions to get right down to 
unless steel the basi problem. This is even more 
urprising when it is noted that most 
umferential of the Russian work in this field is 
‘done largely by physicists—in contrast 
Cambridge [ 


work with the 


with English work by chemists and 
metallurgists, and American work by 
of observing mechanical engineers. 


['wo of the six Russian papers are 

purely experimental. The paper by 
ds cannot be Khruschov (46), on the resistance of 
metals to abrasive wear, shows that 
the amount of wear is inversely pro 
& Sons, Eng portional to the intrinsic hardness, but 
that work-hardening does not count 
ne currents because the asperities are in any cas¢ 
fully hardened. Lazarev and Derjagiun 
11) develop an unusual friction meas 
uring device, a wire tribometer, which 
may open new avenues in basic re 
earch on friction. Kragelsky and 
Sabelnikov 


relationship between the friction force 


74 


derive a new law on the 


and normal pressure, and confirm the 
law experimentally. The relationship is 
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Papers... ON LUBRICATION 


where f 

t contact area 

the area, and 

constants 
Russian aut] 

other countri 

do, l ill 


we 


at the conference makes 


New Concepts 


H. A. HARTUNG, Lubrication Engineer, The Atlantic Refining Co 


With 


bearing performance, the load 


inalyse¢ f thrust 
that 

kn condi 
tions depends on the thickness of the 
oil film. Neal (42 ou ut that 
this is an incomplete ind 
that the fri ind fi 


must be considered a 


present 


] 


can be carried under wn 


kness 
of 
load, velocity and viscosity. This lim 
its the range of stable operations of 
stepped thrust bearings. For 
thicknesses below a_ ce 
the step height 
ind position) friction increases 
ipa ity 
constant 


tion 


functions 


film 
rtain value 
(which depends on 
while 
ub- 


load-carrving < emains 


stantially 


METAL FOIL BEARINGS 


A moetal-foil bearing of the 
Blok Ro 


was constructed and operated by Patel 


r\ > 
type 


suggested by ind van um 
Measurements 
of the 
red in the first 30° of 
The data limited in 


scope, but the first to appear on this 


Cameron (73 
that 


Tis¢ CCU! 


ind 


indicated most tempet 
iture 
the wedge are 
interesting development in the bear 
ing field. The authors are modifying 
that 
(over 60 psi) can be 
Wettability of a lubricant on fric 


tion in a journal bearing wa 


the apparatus so higher loads 


iccommodated 
improved 
elements so 
used had a high contact 

Pilarszvk 


For this they used a 


by coating the bearing 
that the oil 
angle, reported 


and Papp 


Campbell, 


30 
acid 


perfluorodecanoi Comparing 


the friction before and after treatment 
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on Lubrication 


Philadelphia 


the lubricant 
r. All experiments we 
ind rather high S 


U.6 or 


when wet 


be tt 
] 


LUBRICATING WITH GAS 


w loads 

number 
Oil film 

graphed in journal bearings 


we'c 
namic loading conditi 
Hughes (87) They u 
indi ultraviolet 
Cavitation occ 


ings 
urs in th 
gions just as with unidi 
ing. When the rotating load speed 
half that of the journal speed, tl 

film exists only 


With an 


it speeds up to 


OVE! i VCT\ 
ole oscillating 
374 7S0 


min, there was indication of failure t 
form a hydrodynamic film 
Computer solutions to the p 
of elastic deformation in hy 
drodynamic slider bearing lubrication 
Osterle and Saibel 
When bearing deformation 


taken into account, the u 


surface 


e obtained by 


ilone is 
lated load-carrying capacity is 
than the 
umed to be rigid 
deflections can more than compensat 
for this that 
rider running against a flexible bearing 
may result in a higher capacity than a 
rigid bearing and rider 
In the 


porous metal bearings, 


less when bearing 


However, slid 


1 thin, flexibl 


loss, so 


lubricat 
Morgan 

SY ) points out that oil actual] 

In general 
these bearings run at high eccentricit 
coefh 


discussing 


culates in such a bearing 


ratios, with somewhat higher 
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Parts made from plastic extrusions, 
like the refrigerator molding being in- 
Stalled at right, are helping keep 
costs down on many new designs 


... 4 good reason to review 


Plastic Extrusions 


ROBERT MARX, 


Development Engineer 


Anchor Plastics Co., Inc 


MI. si: oming postwal 


ing substantial quantities of 


ff engineering and consumer 
materials. In the | 
combined sales of refrigerators ¢ 

doubled, of automobiles tripled levision and unit air 


eth Ol 


year period 


conditioning are two industries \ 
the postwar hunger for luxun n ind both found 
plastics more than palatabl 

Plastics as engineering materials have one outstanding 
virtue often taken for granted: ‘The in be easils 
formed into complex shapes by many strikingly different 
processes extrusion, i tion or compression 
molding, casting, and example 
The value of extruded sl n pr t design 1 
frequently obscured, however, | he mmon notion 
that dies are expensir should therefore 
be considered a last re 

But plastic extrusion ire inexpensive, running 
from only $45 to seld ver $200. Further, these 


figures include all other tools necessary t produce 


the extrusion to shape tolerances in unwarped 
lengths. Once made, plasti 


altered even after production runs have been started, 


extrusion dies are easily 


which means assembly bugs involving produced parts 


—_ 


re often solved quickly. For influence of extrusion size 


ind hape n die charges, see table, « pposite page 


DESIGN OF PARTS 


A significant trend in the field increasing de 


mand for fabricated 


84 


omponents—basically, these are 


more secondary 
extrusion to a finished 
outweighs extrusion costs. In- 
ire setting up secondary fabricat- 
tap this market for finished parts. 
ming tions for extruding, tolerances must 
than for metal working, because of greater 
thermal expansi I:xtruded shapes, semiliquid when 
they leave the die, shrink as they cool; and shrinkage 
uneven f parts of the cross-section be- 
juse varying thicknesses cool at different rates. 
Fortunately, shrit can be anticipated by the 
designer prior to manufacture, and controlled by the 
extruder during production. Tolerance of +1% can 
be held on most cross-sections, and is a good figure 
for preliminary design. Other general rules 
e Thin, uniform thicknesses are best because cooling 
rapid and even, minimizing warpage caused by 
differential shrink 
e If such thicknesses are impractical, keep the ratio 
of thick-to-thin as low as possible, to minimize differ- 
ntial shrinkage 
© Spx ify toleran 
them. ‘T’oo-many tolerances are often more trouble than 


only on dimensions that require 


too-close tolerances 
e Design the section for symmetry about one or 
simplifies shrinkage control during 
loser tolerances 


more axé Thi 

manufacture, allow 
e Holes not symmetrical with the cross-section are 

difficult to keep oriented properly, in shape and toler- 


Even a hex hole in a hex shape may tend to rotate 
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Significant Trend: Extruders Add 
Fabrication Steps That Turn Out 
Components Like These . . . 


Fabricated extrusions cut costs .. . 


From left: high-impact styrene refrigerator molding with draw 


formed latch boss; acetate’ insecticide-container with 


punched holes; ethyl cellulose antenna housing forms corner 


of radio, carries manufacturer's name; polyethylene case handle 


out of position. Holes within extruded shapes require 
special consideration 


e Work closely with an extruder on any proposed 


design before production quantities are ordered. Plasti 
extrusion requires considerable finesse, both in dic 
] 


manufacture and production technique 
| 


MATERIALS 
Most shapes can be 
monly used _plasti 


<truded from any of the com 
consequently the designer in 
select the best material on the basis of environmental 
and operating conditions. Adjustments in die profile, 
flow contours within the die, extruding condition 


tension on th xtrudate, and special fixtures will 


Extrusion Die 





has punched slots for flattening when 1 n use; polyethyle 
filler tube for railroad battery has slots to admit activcting 
water, and external flutes for escaping vapors polye thyliene 
extension shaft for TV set has external flutes for easier hand 
turning; nylon swivel plate for rear window on hardtop aut 
slows wear and prevents rattle; polyethylene extension shaft 
has swaged end for positive fit. At right: Battery case, above 
for Admiral portable radio basically an extrusion wit? 
injection-molded end caps. Note indexing projection on extru 


sion and end cap for correct positioning 


st to extrud 
thylenes f 


harp meltin 


example 


hrinkage ti 


Costs Compared 
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Plastic extru 
extruded part is matchec 


part, a slight differen 


with rougher 
tyrenes 

Al] pla t 
groups and ar 


round and oval t 


FABRICATION OF EXTRUSIONS 


Many parts are simplifi 
ed as the ba 
make the finished 
ponent has littl 


on, and do 


extrusion. Here 
Cutting is th 
employed arc 
blade-cutting 


medium-sized 
needed Saw 


Thin, uniform thicknesses .. . 
are best (far right). Abrupt transition of thick to thin (3 pieces 


left) causes differential shrinkage and results in warpage 


: 
materials and larg 


precision cutting of tt ma 
mallest diameters Automati 
extruded is economical for larg: 


volume precision cutting on small shape It can 
st of small extruded parts 30 to 75‘ 
tolerances for all cut extruded component 
in. for lengths up to 4 in.; + in. from 4 up t 
36 to 72 in. For preci 
small-dia tubes, 


For example, 


i 





Cellulose acetate 


omparati 
tion can warp 


ymmended f 


Cellulose acetate 


Ethy! cellulose, 


Ili] 
i Clluilosi 


and retained 


zero, Ethyl 


} 
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itd 


a 


thvlene i extruded 


i] and chemical mpiex shape 
t t the I sts about th 


il i 


Polyamide resins (nylons) 4 


trong 
rong 


plastics with low 
tion, excellent abrasion 
istance—but difficult to 
ver, special new grades | 
nple sections with thin 
f hape tolerances and 


the extruded 


its natural 
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Holes tend to lose shape .. . Coring with metal 
unless enclosing walls have reasonably uniform thickness, but give ustr tr with pr 


precise hole shape may not be necessary as in handle at right rr } r if 


Assembly operations 


Punching and die-cutting are performed 
tl l polyethylene 
n General-purpose 

cut this way 
ibrication is requ 
ndary degreasing 
ruded parts are not 

edge finishing is not usually required, further reducing 


will have the san 


desired shape in speClad 
t of such fixtures is usually 


f injection-molding dies 


ig operations ire e& 
m quantities do not exceed 30,00! 

il formed part is the draw-formed 

1 in the refrigerator molding sh EDITOR'S NOTE: Some 
plastic parts are covered 
How to Design Cost Out 


plain or 


Multiple drilling of mounting holes 


economical. Narrow borders between the h 


} 


yf the extrusion, however, will result in tear 
} > fc " 
rances for drilled holes cannot be held a Epoxy Cas 
m metal parts uiternative fo metal 
of complex part 
r 
ik-screening, oftset-pnnting, ind raying, tion of plastics for high 


Decorating processes most frequently used are: h 


de By printing and spraying the rear o1 mechanical, electrical anc 
underside of a tr insparent extrusion, scratching or we: sitions 


f the lettering and decorative material is eliminated Viny! Laminate,” Jul 
’ . »recoated with plas 
Idings cannot be produced with the same F F 
} ] } t t lat resistant and colorf 
is aienaderead sneets OF Cas pid , . 
— ; i = Plastics for Structural Use 
+] 


1 complex designs or detailed 


ided. Surfaces on narrow flat extru niques, end methe 
ubular shapes, are excellent and can | cite tes sian 


rated by the foul basic processes ously impractica 


25, 1957 
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Tough, Rigid Thermoplastic 


i summarizes new ceveioprn 


desigr 

articles 
Oct 14, ‘57, p 77 
neavy wall sections 
aiways necessary 
r ready reference 
discusses a lower cost 
for limited quantities 
p 167, simplifies selec 
ations Chart covers 


perties for 28 compo 


ow steel can be 


requiring wear 


This staff report 
processing tech 
make plastics svuit- 


that were previ 





Number of 
parts per 
dimension 


x 


| Bearing Snap -ring 
wat ran yr — 
i 0.630 0.635 0.123 0125 0127 0.756 0.758 0.760 


Bearing dimensions Snap ring Shoulder to groove 


Number of 
assemblies 








__.Groove—sh 
dimension 


T 


0.006! 


2» Assembly cleorance 





Interference 


1 Assembly tolerances .. . 2? Taller and narrower .. . 


can be predicted by probability for such applicatior than the three normal distribution curves for parts at top, the 


is this Dearing mounting curve is obtained by multiplying their tolerance 


‘ao YY we » on | a 2 “ ou pet 
PROBABILITY APPLIED T 


GEORGE D. PHEIL 


Racine, Wisconsin 


Production runs of assemblies call for statistical analysis of part tolerances. But with 
shorter runs, mathematical probability provides a simpler method that’s just as positive. 


maximum sum of snap ring and beari 
rance is based on ; 
Ith 


issume a ll bearing whose wid 

+ 0.000 to ).Of la snap 
to 0.00 ld 
| 


( et it 


number of ] ist, on a reasonably 125 r 

’ = | ( rng VU.125 in + U.UUL 
iction run. ‘The familiar bell-shaped distribu 2 5 ' 1d 

2 dimension wouk 

may center on the tolerance band or it may 


hift toward one extrem ther depending on the 
duction method 


When three parts are assembled, such as ball bearing, 


nr 


Max bearing width 0.6299 
Max snap-ring width 0.1270 


Positive clearance 0.0010 


llustration above 


, , 
ip ring nd sn iC d n the 


ribution curves of each part are mult 


| 


d to determine how the assembly tolerance will b« 


istributed. This results in a tall, narrow curve of 0.7579 

assembly fits. But for shorter runs and job-shop produc or, say 0.758 min with 0.003 tolerance for a 0.761 in 
tion, the assumption of statistical distribution is in max. Clearance would vary between a min of 0.001] 
ipplicable. It is far more logical to assume that individ and max of 0.0131 in 

ual parts have equal probability of being anywhere This method works positively, but almost the same 
within their tolerance band. And the distribution of insurance can be had by assuming that 10% of the full 
issembly fits becomes a fairly broad bell shaped curve tolerance range will never actually occur even though 

mathematically feasible. The method subtracts 10‘ 


PROBABILITY APPLICATIONS of the sum of tolerances of all three parts from the 


I'o assure that all assemblies are clearance fits, the stack height of ring and bearing, and uses the resulting 


shaft-shoulder dimension may be made larger than the dimension as min shaft length. For example 
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A r 
vumbBe 

? ner 
paris pe 


dimension 


Number of 
assemblies 3 Probability curve . 


three eq 


, 





Max snap-ring width 
i 


1756 


Note that the tolerance 
workable tolerance as compared to 
method 

If bearing and 
the stack is 0.7569 t into a 0.7560-min 


| 


EDITOR’S NOTE: Other recent articles on assembly t 
ind the use of snap rings 

bearing and snap ring are at their min widths and t How to Design with Shims,’ Aug 57, p 164 
groove dimension is max, the clearance 


eran 
mension, resulting in an interference fit of 0.00( 
how relati 
is 0.13 between thickness, clearance and tolerance determines 
Note that the max limit on the groove dimension Vectors Simplify Tolerance Analysis,” July ‘57 
the same for both methods. graphical method for pile-up of tolerances when dimensions 
are nonparallel and nonrectangular 
HOW MUCH CHOICE? Machining Tolerances May ‘57, p 219; pra 


ances for various rm ichining operations 
If the snap-ring groove can be machined 


ent dimensions at 0.001l-in. increments 
tolerance specified; and if the bearing can 


Grooves for Retaining Ring Assemblies,” Jan 
function of the groove; its relation to the retained part; how 


to cut grooves properly; the effects of mproper grooving 
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DESIGN FEATURES 


Machine Sells at 


Four Prices 


Twenty brands of cigarettes are sold at four 
prices by this vending machine that accepts 
nickels, dimes and quarters in any combination. 
Prices may be preset from 5¢ to 50¢ per pack. 
Made by the Rowe Manufacturing Co., Whip- 
pany, N. J., it holds up to 700 packs of any size. 





Quortar 
chonne/ 


J 


™— 








lupe 
is) 











0 coin bucket 
nicke/ channe/ not shown) 


Falling coins operate 


escapements .. . Pack pushers are self-latching . . . 
trike wire fingers that ro and do not require critical alignment with storage columns 


that position t | 
They are mounted on the front and rear de- 


ipement pa in i I ter bars to drop the dis at assembly 
1as five times as many teeth livery carriages and move forward under the cigarette columns 
vo fingers sequentially and during the vending cycle. The particular pack-pusher ener 
n the totalizer bar engages gized by the brand-selection circuit is latched in the raised 
position as shown in illustration. When this pusher moves 


1 a register bar droy 
forward, the pushing bar rides above the side shelves support- 


totalizer an equal distance 
ing an electrical circuit ing the stacks of cigarette packs and ejects the lowest pack 
leposited. If amount i Ihen, a cam unlatches the pushing bar, allowing it to pass 
itt and customer must under the columns on the return stroke. Latching link is 


nylon and requires no lubrication 
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IN NEW PRODUC 





Pushburtons 


select bronds 


Columns store 
c:gaoreries 


Morchbook dispenser ——> 
‘ 
ial 


Dehvery tray re 


j 
Price boord 











c= 
Pack-pusher 
solenoids 














¥S 


More capacity for popular 
brands... 

i$ Pp! l 

Behind ti 


D 


Unlotch 
solenoid 





Vend-flap 
switches 














ae al Be 


Selector buttons close circuit .. . 
to motor that drives delivery carriag hese deliver a pa k 


] 1 ’ 
of cigarettes, collect mone m the coin bucket 


lispense 
matches, and return total I redit position. Brand 


Call 
i 


selection circuit is energized momentarily and includes sole 


noids for pack-pusher in-return unlatch mechanism and 


motor starting switch. Energizing these solenoids latches a 


pack-pusher in the raised delivery position, prevents operation 
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PRODUCT DESIGNS 


Ynusual Cleaner 
rom Usual Parts 


When engineers at U. $. Hoffman Machinery Corp. de- 
signed an aircraft runway cleaner, they chose stan- 
dard products that could be grouped to obtain required 
air flow capacity, rather than design special equipment 
of larger size than available commercially. Their de- 
cision led to a compact, dependable vehicle and re- Airfields handling jets .. . 


quired liitle increase of spare parts inventories. vill use this mobile vacuum cleaner to 
move objects that might be sucked 


jet engines, damaging or destroy 


. 
them Estimates place repairs re 


es : (i p ' ing from this damage at over several 
e' xs Zé } rc 

fe . oe nillion dollars per year.) The cleane 
> Ss ; ; f he 16 ] 

t long, weighs 15 tons and re 

: ¥ noves debris from two million sq ft of 

surface in about eight 
: m equipment is mounted la 


hassis, selected for it 


ird truck « 
r-engine design. The five-stage 


rifugal exhausters are driven by 
' 


trial gasoline engines. FExhauster 


me separators are made 


i 
e/ 
: ah :* SAT ee het 


ffman. Cleaner will sweep an 8-ft 


at speeds from 15 to 2 
1] 


s are raised hydraulically when 


5 mph 
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Heart cam tor minutes 
Heart cam 
‘for seconds 





A stop watch readable directly to tenths of 
a second has been developed by the Jung- 
hans Watch Co., Schramberg, Germany. For 
continuous reading, tenths are indicated 
on a 120° sector of a three-pointer dial. 


Minutes, seconds and tenths... . 
re on separate dial pointer can | 

A hood covers 

always hides tw« 

hand is on the 

no intermediate 


Trip cam 
whee/ 


Counting whee! Release lever 


Relay Resists Vibration 


Redesigning parts with higher natural frequencies has in- 
creased vibration resistance of this sensitive meter-relay. 
Powder-metal and investment-cast parts replace stampings, 
reducing machining and assembly costs, and improving 
ability of meter to hold calibration. 


Contacts 


Shell surrounding magnet .. . 
a pow lered-iron part instead of a sta 
rations transmitted t 
Brocket ind in investment casting that re 
Magnet and b 
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PRODUCT DESIGNS 











Throttle controls on the multi-engined Lockheed Electra re- 
quired an irreversible mechanism to prevent creep caused 
by load forces and vibration. Friction clamps were ruled 
out; they required an extra manual operation for locking 
and release, and would creep under vibration. Reid Metal 
Products, Inc., Burbank, Cal., designed this two-directional 
sprag device — a quadrant assembly operated by push rods 
from the throttle levers. 


Lock-release 
Screws 
Cable pulleys move independently . . . ontoured pin—>~ Oe Sprag shoes 
and are locked by separate sprag mechanisms. Each bi-dire j — Quadrant 
tional sprag consists of two shoes pivoted in a yoke on the 
output pulley. Each shoe carries two pins contoured to th 
quadrant arc, which is described about the pulley ax Pins 


are positioned on opposite sides of the shoe centerline; when 5 Rha Shoe pivot 
shoe rotates, the pins describe a with radii shorter than 


that of the quadrant and ecith ge against it or move , 

away. Shoes are spring-loaded locking dir l gest _— Pettey ghar? 
forces at the shoe pivot prod pl 

pins, lamping them to the qu t hre le motion 

inlocks shoes and rotate pul ( ince | ecn operating 

lever and 


pulley allows 4-to-] tion im ¢ i tol 
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LESS NOISE 
FROM SMALL ENGINES 


ROY KAMO, gesearch Engineer 

Gasoline engines, both 2- and 4-cycle, can be 
silenced to acceptable noise levels by applying 
proved acoustic principles described in this article. 


and 


FRANK IWATSUKI, Research Engineer 


Armour Research Foundation 





HOW A NOISE SURVEY IS MADE 


OCTAVE PASS BANDS, CPS 


Pp 
- 300 600 —*i200 — 24C 








- Engine as received 
ae * 
‘ 
\.\Exhoust piped out ; 
\ 
\ 


DB 


intake piped out 





BAND LEVEL, 





E 





1AYV 


TA 





~ 





n this pag¢ 

st, in which the 
1000 ponents are excited 
FREQUENCY, CPS exten find mechanical reso 


reeds 





T 
} 
i 





Noise Source 
Measured Procedure 


Over-all Engine operated under power as received 

Exhaust Pipe out exhaust gos 

Intake Pipe in intake air 

Combustion “Motor™ engine at given speed, using externa 
drive motor 

Gas tank Remove gas tank and motor engine ERESS Gb Gat HUGE 

Fan shroud Remove fan shroud and motor engine 

Cooling fan Remove flywheel and motor engine 

Poppet valve Provide negative tappet clearance 


Total noise level .. . 


Com gear Remove cam shaft as it was reduced in successive elimination tests 


Tappets and valves Remove tappets and motor engine 


Ignition breaker Remove ignition cam on a 2'2-hp 2-cycle engine. Measurements 








were taken 3 ft from intake side of engine 
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Ihree general principles apply in noise reduction: 
Eliminate the source, isolate sound and vibration, and 
confine or absorb radiation. Eliminating the source is 
ideal, but if not possible or practical, then sound-isola 
tion should be used. Sound absorption is used only 
where other methods are impractical. It is better to 
top noise at the source than to isolate or absorb it 


later 


EXHAUST NOISES 

Sudden release of high-pressure engine exhaust gas 
into the atmosphere is the dominate noise-maker. The 
yurce cannot be eliminated or isolated; this noise must 
be confined and absorbed in mufflers. But attempts to 
reduce exhaust noise below other engine noise sources 
will result in higher back pressure and larger muffler 
without contributing to lower over-all noise levels. 

Effective mufflers can be designed using the analogy 
f an electrical low-pass filter. These filters pass fre 
quencies below a given value called the cutoff fre 
quency, and reject higher frequencies. Cutoff frequency 
f, for any muffler is determined from analagous equa- 
tions for the equivalent electrical circuit. Reduction of 
noise, attenuation A, at a frequency f above the cutoff 


or 
A =17mln (+ 


where m is the number of muffler chambers. 
Single-chamber mufflers are usually not adequate for 
reduction of high-frequency noise. Therefore, two cham 
ber muffllers are sufficient except when extreme silenc- 
ing is desired. They are simpler to build and easier 
to clean than mufflers with three or more chambers. 
lotal muffler volume is seldom less than 10 to 12 


times engine displacement 


frequency 1S 


An initial-expansion chamber between exhaust ports 


ind silencer will further improve noise reduction 


Chamber volume V is 


V 14,660 S/f, 


where S is valve area in sq in. and f, is fundamental 


engine-exhaust frequen 


ABSORPTION SILENCERS 


Sound-absorbing material (usually glass fiber or as- 
around a perforated channel makes an effec 
tive absorption silencer, particularly in the range 
ibove 2000 to 3000 cycles 
objectionable. Effectiveness depends largely on thick- 
ness and length of absorbent wall. Thickness should 
the wavelength of the sound. Addi 
tional length beyond a minimum value contributes 
However, ef- 


best S 


where noise is the most 


exceed one-quarter 


little because attenuation is exponential 


fectiveness is lost when the perforated channel becomes 
clogged by exhaust particles 
Back pressure is critical in 2-cycle engines because 


incomplete scavenging causes unnecessary power loss 


he mean static pressure at rated speed and load should 
not exceed 6 in. of water for small, 2-cycle engines, and 
10 in. of water for 4-cycle engines. 

For 2-cycle engines, with their usual gas-oil mixture 
which tends to deposit carbon on exhaust ports and 


muffler, provision should be made for periodic clean 
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Nuisance noise .. . 

is measured here from various internal combustion engine 
sources, and compared with levels of noise where restrictive 
action steps in 
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Where: 1. = cutoff frequency, cps 
¢ =velocity of sound, in. /sec 
t *radius of gos flow possage, in 
nh = number of openings per chamb 
Vz =chamber volume, cu. in 
Cc , zat 
‘0 me 
t ‘orifice thickness, in 
0 orifice rodius, in 














Low-pass filters . . . 
for cutting exhaust and intake noise include these three 
practical arrangements. With each is the equation for de- 
termining its cutoff frequency 
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POWER LOSS, % 
a 























Pressure drop .. . 


across a silencer causes a power loss and is more critical on 


intake side than on exhaust. Curves are for a 2-cycle engine 


ing. Muffil 
the exhaust 
drainage of 

\ir im] 
responsible ir intake ist Pressures 
are conside ly lov han at the exhaust 
quen I@sS ate Us \ OWCI 

Noise redu re is similar t ist n 


Acoustic and absorption filters work equally we 


intake-noise silencers, and the same fundamentals 


apply. The initial-expansion chamber is unnecessar 
on the intake side because of lower pressures 


11 


['wo problems arise in designing an intake silen 
that do not exist for the exhaust. The engine } 
an air filter. This filter may help reduce intake n 
if properly designed, using filter cloth or paper material 
Pressure loss across an air cleaner-silence mbit VALVE-TRAIN NOISE 
tion is the other problem. It is much more criti 
I 


) 


on the intake side than on the exhaust 


CUdll 


results in a much greater power loss for a gi 
sure loss across the silencer. Pressure loss f 


silencer-filter should not excced 3 in. of water 


STRUCTURAL VIBRATION 
Sound radiated by structural vibration comes from 


the cylinder head, cylinder block, crankcase housing, 


* 
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Silencing hood .. . 
combined with vibration isolators is the answer where extreme 
degree of silencing is required. Here is what happens when 


300 
600 1200 


Frequency Bond, cps 


a hood is added to a 12-hp 2-cycle engine operated at 
rated load and speed. Plywood hood 1% in. thick is lined 
with 1 in. glass fiber. 





then applied to the camshaft with resulting impact on 
the cam-drive gears. Repeated shocks, transmitted in 
this way through the camshaft and crankshaft, radiate 
from external surfaces, and are one of the worst sources 
A quick-lift, high-acceleration 
cam is particularly liable to this kind of noise 


f valve-train noise 


Camshaft drive gears radiate noise and also cause 
resonant vibrations in the housing and attached parts 
The latter predominates almost exclusively in 4-cycle 
engines 

Objectionable gear noise may result from nonuniform 
tooth loading, 


ind inertia of the rotating masses 


caused by fluctuating angular velocity 
Unbalanced ele 
ments, torsional vibrations, and reversals of torque are 
all contributing factors. In addition, inaccuracies in 
pitch and tooth profile will result in vibrations of vari 
ous frequencies. 

Gear materials having high internal damping quali 
ties are preferred. Cast iron and bronze, for example, 
ire accoustically superior to steel. Fiber, nylon and 


other nonmetallic gear materials should be used 


wherever possible 


CONFINEMENT OF AIRBORNE NOISE 


As a last resort, or in cases where extreme silencing 
is required, silencing hoods and enclosures may be 
used to decouple the engine from the air. Simply a 
partial enclosure or sound shield, lined with absorp 
tion material, is sometimes sufficient to combat high 
frequency noise and to direct 
noise areas 


sound awav from low 


Material used in silencing hoods must be nonporous 
for efficient sound insulation. The extent of sound 
attenuation depends on the materials’ weight per unit 
irea; that is, for a given wall thickness, the most dense 
material is the best. When light materials must be used, 
1 double-walled hood is recommended, with walls 
carefully isolated from each other 

Sound-absorbing lining (glass fiber, felt, etc,) inside 
the hood will absorb a large part of the radiated 
acoustical energy. The hood, with its large surface 


98 


area, can be a very efficient radiator if mechanically 
Cherefore, mechanical de- 
coupling of engine from hood is imperative. 


excited by the engine. 


MINOR NOISE SOURCES 


Cooling-fan noise requires attention only in extreme 
silencing. Fan noise is made up of rotational noise 
and vortex noise—both approximately proportional to 
The fundamental fre 
quency is equal to the product of the number of blades 
and the rotational speed. Harmonics are present, but 
those above the fourth can be neglected. 

Pressure fluctuation in the crankcase of a 4-cycle 
engine contributes noise through the crankcase breather 
This is not a serious design problem because pressure 
losses here are not critical. 

Ignition noise is sufficiently low so that silencing 
is not necessary except under extreme -onditions. Fre 
quencies are in the higher octave bands and can easily 
be attenuated by enclosure or absorption. In many 
small engines, rubber-sealed weatherproofing encloses the 
ignition system, attenuating noise appreciably. 


the sixth power of tip speed 





Handbook of Noise Control, new reference book 
just published, discusses in detail the problem of 
industrial noise control. Forty-six experts in the field 
of industrial noise contribute information ranging 
from fundamental acoustic theory to the silencing of 
aircraft jet-engine noise. 

This new handbook includes a thorough study of all 
forms of noise and methods of control for each specific 
source. Of particular interest are chapters on measure- 
ment techniques, acoustical filters and mufflers, gear 
noise, bearing noise, fan noise, and anti-noise ordi- 
nances. 

“Handbook of Noise Control,” edited by Cyril M. Harris, 6/2 x 


914 in., 1040 pp. Published by McGraw-Hill Book Company, 330 W. 
42 St., New York 36, N. Y. $16.50 
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on Gas Bearings 
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Revived interest in air or gas-lubricated bearings by 
many designers comes from the persistent demand for 
bearings that can take speeds over 100,000 rpm; operate 
at temperatures over 1200 F; offer frictional torque re- 
sistance less than 0.05 in.-oz. under load; operate without 
oil in radioactive atmosphere. For such service, “gas bear- 
ing” is a better term than “air bearing” because the trend 
is to prevent rust by using nitrogen or one of the inert 
gases rather than air. 

In several full-scale research programs conducted by 
manufacturers, gas bearings were found to perform well 
under all of these conditions. The bearings are relatively 
simple components — one type being no more than a 
shaft or journal turning in a hole. But problems such as 
instability and shaft whirl arose. Theories were developed 
to explain these difficulties, but they involved so many 
assumptions they could apply only to hypothetical bear- 
ings. Prediction of bearing performance has been poor 
so that many engineers relied instead on trial-and-error 
test models. 

Some government research agencies have also done 
work in this field. Last spring the Office of Naval Re- 
search established a research program in gas bearings at 


Both bearing types... 


hydrostatic and hydrodynamic, are in this full-scale model of 
rotor for closed-circuit gas turbine designed by Franklin In- 


stitute Lobs. Thrust bearing and two journal bearings are nitro- 


~ | bearing 


~" %., 
, ~ . 


the Franklin Institute Laboratories in Philadelphia. In 
the interests of avoiding overlapping and duplication, and 
to insure a really comprehensive program, other depart- 
ments were invited to participate in the program. Eleven 
government agencies are now combining their interests in 
gas bearings by participating in guidance of the program, 
and several of these are assisting in supporting it finan- 
cially. They are doing only limited research, the major 
effort being assigned to Franklin Institute 


RESEARCH OBJECTIVES 


Technical head of the center is Dudley D. Fuller, Pro- 
fessor of Mechanical Engineering at Columbia Univer- 
sity. Mr. George Robinson is project leader of the new 
program. Main effort at the bearing center is “to estab- 
lish a gas-bearing technology.” The center is avoiding 
emphasis on any particular application — instead, it will 
cover broad areas of speed, temperature and loads. Pro- 
jects already underway or at the planning stage are: 

e An extensive literature survey on gas bearings, in- 
cluding foreign publications. 

@ A new theory on hydrostatic gas bearings. 


gen-lubricated. Each journal bearing has three tilt pads; 
bottom two employ gas under pressure (hydrostatic lubrica- 
tion). Top pad sucks in gas from surrounding atmosphere 
(hydrodynamic lubrication). Thrust bearing is also hydro- 
dynamic 


Gas inlets fogumet 
/ubcicatinge 


~* 


Topped of jourfol bearing 











Two hydrostatic bearings . . . 


are in this dynamometer that uses air under 


pressure to obtain extremely low friction at 


the pivot plates. Sensitivity is so high that 


mercury-pot terminals are necessary to avoid 


unbalance from the wires 


@ Solution of equations involved in hydrodynamic gas 
bearings 

e Experimental verification of a new theory on in- 
stability and negative force 

@ Analysis of heavy-loaded hydrostatically lubricated 
bearings 

e A theory for predicting whirl frequencies for all 
types of gas bearings 

e Experimental verification and construction of atti- 
tude-eccentricity ratio curves 

e Electrical analogs to help predict performance 

® Investigation of viscous pneumatic pumps and seals 
for use with air-lubricated thrust bearings 

@ New configurations in hydrostatic bearing design. 

An advisory group of representatives from govern 
ment agencies meets periodically with Laboratory person 
nel. This gives the Laboratory a chance to learn govern- 
ment-industry problems and what is being done to solve 
them. Reports by the Laboratory to the government 
agencies will be made public 

Franklin Institute successfully designed the thrust bear- 
ing on the main circulating pump on the atomic subma- 
rine Nautilus. Still in design stage are hydrostatic oil 
bearings which will float the 5,000,000-Ib parabolic disk 
of the new radio telescope at Green Bank, West Va., 
being built for the Associated Universities, Inc. under a 
National Science Foundation Grant 

The Laboratory has been using air bearings for its own 
test equipment such as dynamometers, for quite some 
time, and had its own research program going when the 
government program was inaugurated. 


WHICH TYPE GAS BEARING? 


Borrowing from oil-lubrication terminology, gas bear 
ings are classified as hydrodynamic or hydrostatic. In 
hydrodynamic, the load-supporting gas layer is sucked 
into the clearance between moving and stationary mem 
ber because of pressure variations along the axial length 
of the bearing, as in the Kingsbury thrust bearing 

Obvious limitation is the lack of a gas layer when the 
bearing is started up, or at very low speeds. However, 
construction is simple (although tolerances are tight), 
and friction loss is low at high speeds. Major applications 
are where load is low during starting — as in gas-turbine 
thrust bearings. Recent experimental work shows that 
with heavier loads, an auxiliary air (or gas) supply can 
be pumped into the bearing until it builds up to speed 
then this air supply is shut off 

With hydrostatic bearings, gas is pumped in under 
pressure from an external source. This insures a safe 
load-carrying film even at zero speed. 


WHY GAS BEARINGS 


Compared with other types of bearings — oil film, dry 
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films and rolling bearings 1idvantages Of gas Dea 





are 








Unlimited life. During operation, mating surfaces are 








completely separated by film of gas. Metal-to-metal cor 





tact is eliminated, and wear particles do not form 





Low viscosity. Gas-lubricated bearings have amazing 





low friction properties through extreme ranges of tem 





perature and speed 





Fluid recovery unnecessary. This leads to simpler 





lower-cost designs 





Absence of oil. This avoids oil drips and leakage, and 
r . 





contamination of the surrounding atmosphere and ass« 





ciated fire hazards. For atomic energy applications, lubr 





cant is not affected by strong radiation field 





High-temperature operation. Viscosity of a gas (ur 
P P : 





like liquids) increases with temperature. This increases 





bearing load capacity. Operation at high temperature 1s 






limited only by material used in the bearing and journa 





Low noise level. Rotors can be dynamically balanced 






and supported by gas bearings to a finer degree than 





possible with even the best ball bearings — because bal 





bearings always present some random vibration 





High-speed operation. Relatively low viscosity of gases 






means power consumed by a gas bearing is much lower 






than for an oil bearing of similar size. This becomes 






important in Oper ations 






Geometric simplicity. Because no auxiliary equipment 





such as filters, pumps or seals, are needed in a gas bear 







ing, it is inherently simple — and particularly attractive 





where mechanical resonances must be avoided 





SOME LIMITATIONS 






Low load capacity is the main limitation — about 15 





psi of projected bearing area for hydrodynamic, but 










Configurations of Gas Bearings 
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Now in use... 


or under test are many configurations—a rivalry similar to 
that in aerodynamics over the best wing shape. Illustrated 
here: (A) full-cylindrical hydrodynamic, (B) hydrostatic, (C) full 


limited only by applied gas pressure for hydrostatic. This 
takes gas bearings out of the range of heavy-duty service 

Close tolerances in machining (0.001 in. and under) 
add to cost as compared with oil journal bearings. Costs 
may be reduced as use increases and specialized produc- 
tion methods are developed 

Starting characteristics are a problem for both types 
In hydrodynamic bearings metal-to-metal contact takes 
place until the film is formed, and gases offer little bound- 
ary lubrication. Number of starts is limited 

With hydrostatic bearings, gas pressure must be built 
up before relative movement starts. For bearings ex- 
pected to operate without periodic shut-down the two 
methods can be combined, using hydrostatic for starting 
and hydrodynamic for continuous operation 


Government Agencies 


in the Gas-bearing Program 


Air Force Office of Scientific Research 

Army Engineering Research and Development Labs 
Atomic Energy Commission 

Bureau of Aeronautics 

Bureau of Ships 

Maritime Administration 

National Advisory Committee for Aeronautics 
Naval Engineering Experiment Station 
Naval Research Laboratories 

Office of Naval Research 

Wright Air Development Center 


10)? 


SP 


cylindrical hydrostatic, (D) three-pad hydrostatic or hydro- 
dynamic, (E) conical hydrostatic thrust, (F) single-pocket hydro 
static thrust, (G) 4-pocket hydrostatic thrust, (H) spherical recess 
hydrostatic thrust, (1) self-aligning hydrodynamic thrust with 
6 tilt pads 


CURRENT APPLICATIONS 


An upsurge is evident in the application of gas bear- 
ings to basic industrial applications, such as motors, in- 
struments, and machine tools. Already reported, or in 
process of being designed, are such bearings for: 

@ Turntables on a dividing machine that prepares 
binary and encoding disks (“Air Bearing Levels Dividing 
Table,” Apr ‘56, p 156). 

@ Small electric motors that must run continuously for 
long periods. This is a German application (“Gleitlager 
mit Luftschmierung,” H. Dresher, V.D.L. Zeitschrift, Vol. 
95, No. 35, Dec ‘53). 

@ Suspension of gyro-compasses—a hemispherical 
bearing configuration replaces ball bearing gimbels 
(“Water Bearings and Air Bearings,” F. Gottwald, Report 
PB 121405, US Dept. of Commerce, July ‘55). 

@ High-speed grinding spindles requiring no lubri- 
cating maintenance over long periods. 

@ Magnetic memory devices in digital computers. 
Here the bearing maintains a tiny but constant clearance 
between rotating and stationary members to give a re- 
liable, low-reluctance magnetic circuit. Oil lubrication 
would make power consumption of the unit too high for 
proper operation. 

@ Pumps to circulate oil-free carbon dioxide through 
high-temperature cooling circuit in nuclear reactors. 

@ Optical and other precision instruments where vi- 
brations cannot be tolerated. 

@ Food processing, textile and chemical industries 
where absence of oil drip is highly desirable. 

@ High-speed compressors and superchargers where 
low friction, absence of oil and good high-temperature 
characteristics are standard requirements. 
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PF” cntnisennel principle of hydrodynamic gas bearings 
lies in the continuity principle of fluid mechanics. For the 
journal bearing without side flow the fluid mass rate of 
flow (per unit bearing width) must be constant along 
axial length of the bearing. Expressed symbolically 
puh constant, where , is density of lubricant, w is 
velocity of the fluid averaged over h, and h is thickness 
of the fluid film 

When the journal takes an eccentric position relative 
to the bearing, the film thickness varies sinusoidally 
around the journal. This means that either or both the 
average velocity u and the density » must vary in in 
versely to satisfy the continuity principle. These velocity 
and density variations require the existence of pressure 
variations with integrated effect sufficient to support some 
load on the journal bearing 

If it is assumed velocity variations compensate com 
pletely for the film thickness variations while the density 
remains constant, the theory is exactly the same as that 
for a liquid lubricant such as oil. This incompressible 
lubrication is the “hydrodynamic wedge.” One of its im- 
portant characteristics in lubrication of journal bearings 
is that the min film thickness occurs 90° away from the 
load line 

If density alone varied to compensate for film thick 
ness variations, while the average velocity remained con 
stant, the point of min film thickness would occur in line 
with the load 
as an elastic solid. The high density at min film thickness 


as if the gas film were being compressed 


must be associated with a high pressure, while the low 
density at max film thickness must be asociated with a 
low pressure. This effect is found only in gas bearings 
and is referred to as the “density wedge,” “compression 
effect,” or simply “compression.” 

Both the hydrodynamic wedge and the compression 
effect occur in a hydrodynamic gas bearing. The wedge 
produces a load-supporting component 90° away from 
the min film thickness, and the compression effect pro 
duces a load-supporting component in line with this film 
thickness. Resultant load support acts at an attitude 
angle between 0° and 90 

Relative importance of the hydrodynamic wedge and 
the compression effect is measured by the dimensionless 
bearing parameter (for definition of terms, see list of 
symbols ) 

6y a r= 
H= PPG 


At very small values of H(H: 1), the wedge effect pre 


dominates and the usual hydrodynamic theory of lubri- 
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MEET THE AUTHORS 


The two men who put their know-how into this article 














have made significant contributions to the technology 











of gas bearings. Dr. Ausman is noted for an analysis 














that includes end-flow factors for bearings of finite 





length. Mr. Wildmann has improved techniques for evalu 





ating such bearings, and has substantiated Dr. Ausman’s 








concept with experimental data 








Most of their work on gas bearings has been spon 





sored by Autonetics, a division of North American Avia 











tion, Inc., and presented as technical papers (Ausman 
The Finite Gas-lubricated Journal Bearing,” Paper 22 
London Conference, Inst. of Mech. Engrs., Oct ‘57 
Wildmann, “Experiments on Gas-lubricated Journal Bear 
ings,’ ASME Paper 56-Lub-8, Oct ‘56 

Now, turning to practical applications, they have 



































jointly prepared for Product Engineering this design 











manual on hydrodynamic gas bearings 























Hub of gas bearing 

















































































Unlimited life . . . 


is predicted for this gas bearing—a hydrodynamic type that 






needs no gas lines. Electrically driven, and glass-enclosed t 






prevent corrosion of the bearing materials, it has been operat 





ing in the laboratory at North American Aviation continuously 


1952 









since May 





cation with incompressible lubricants may adequately 
describe lubrication by gases. At very large values of 
H(H>>1), the compression effect predominates and 
the hydrodynamic wedge can be neglected. The attitude 
angle y varies accordingly. For a lightly loaded journal 
bearing with negligible side-flow, the attitude angle is 
given by 


1 1\ 
\H/ 


fan 


For this bearing (small eccentricity and no side-leakage) 
the load is 


Vv rkP.rbeH/V 1+ H 


Side-leakage reduces load and increases attitude angle 
toward 90°. High eccentricity ratios increase the load 
higher than that indicated by the linear relationship 
above, and reduce the attitude angle. 

When compression effects predominate (1<<H) and 
if k 1 is assumed, the behavior of a gas bearing can 
be expressed by three equations: 


2rbrP l 


€ 


Ww 








h.P[{1 — V1—e] 

Thus when compression effects predominate, the load 
capacity of an hydrodynamic gas bearing is independent 
of lubricant viscosity and bearing speed, and proportional 
to ambient pressure. In this region, behavior of a gas- 
lubricated bearing is completely different from behavior 
of liquid-lubricated ones. Noncompressible theory, even 
when the bearing is only lightly loaded, will not give 
Satisfactory results 


DESIGN CHARTS 


Good indication of gas bearing performance is indi- 
cated by eccentricity ratio ¢, attitude angle y, friction 
loss y». Usually these factors should be kept to a mini- 
mum. Once general dimensions of the bearing are known, 
the five accompanying charts permit speedy determina- 
tion of the performance factors 

Curves based on Dr. Ausman’s work (Charts 2 and 
3) increase in accuracy as the eccentricity ratio ap- 
proaches zero, while curves based on Katto and Soda’s 
work (Charts 2 and 4) do not take side flow inte ac- 
count, To make these curves useful for all values of 
length and eccentricity, it is assumed that the end-flow 
factor determined for small eccentricities can also be 
used for large eccentricities; and that the initial attitude 
angle determines the path of the bearing inside the clear- 
ance circle. Although these assumptions cannot be com- 
pletely justified theoretically, they give good results 

To determine frictional losses in a gas bearing, the 
coefficient of friction has been plotted in Chart 5 as a 
function of bearing parameter H for various values of 
eccentricity. As in oil-lubricated bearings, frictional force 
on the bearing shaft is different from force on the sleeve, 
except when the eccentricity ratio is zero. In gas bear- 
ings, this effect is important only at small values of H. 
In this region, an average value of friction coefficient is 
indicated by dotted lines. The coefficient of friction 


shown is with the end flow neglected and must be divided 
by the end-flow factor previously determined 


Dimensions of a typical bearing are listed below. It is 
desired to find the eccentricity ratio, attitude angle and 
frictional torque 


Radius, 
Length, b 1.75 ir 
Speed, w 


2000 rpn 209 rad/ sec 


Radial clearance, ¢ 0.00013 in 


Lubricant (air) viscosity, » (27) (10 ) lb-see 


Load, VW 10 lb 
Assume k , 1.4 


The assumption that k , rather than unity, is based 
on experimental data which indicates an almost adia 
batic behavior. However, the design curves are set up for 


various values of k 


Compute the bearing parameter and length-dia ratio 


6nw (6) (27) (10-1!) (209) (0.375)- 


H 


P.ke ~~ (14.7) (1.4) (0.0013): 


——— — 2.34 


(2) (0.375) 


From Chart 1, the end-flow factor is 


Now compute W, and I 


ui 
ae = 84,3 


0.71 +0.71 


EE = |—6| 
P.kbd (14.7) (1.4) (1.75) (.75) 


From Chart 2, the eccentricity ratio is 


From Chart 3, y 48 and from Chart 4, the atti 


tude angle is 


From Chart 5, wre/c = 0.5. Therefore the friction 


force acting at a radius of 0.375 in. is 


(.5) (14.) (0.00013) 


0.5Wie 


re (0.375) (0.37) 


0.0066 Ib 


This force could also have been computed from the 
frictional formula: 
2rnwr-b 


= 0.00715 lb 
ev 1 e- 

giving a friction torque of T—0.00715 (0.375) 

lb-in 


An eccentricity ratio of 0.37 is quite satisfactory. (In 


0.00268 


most applications the ratio should not exceed 0.5 — Ed.) 
Constants chosen in this computation were from one 
of Wildmann’s experimental bearings. The experimen- 
tally determined eccentricity ratio is 0.39 and attitude 
angle is 46 reasonably near the computed values 
Where constants in parameter H are not known, it is 
usually easier to assume them and approach the solu- 
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Chart !|-End flow fa 


Chart 3—Attitude angles 
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Chart 2-Eccentricity ratio 
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Bearing length 
t g 'eng 


Bearing clearance 
Dia of bearing 
Eccentricity 

Friction force on bearing 
Bearing porameter 
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Exponent of density in pressure-density 


Thickness of m 


lubricatin 


relationship 


Load parameter = W, “1K Fp bd 


Pressure wn jubr ating film 
Ambient pressure 


Bearing radius 
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Chart 4-Compensation factors 


Moximum film thickness 
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food suppor! camponent 


Average velocity of 
Bearing lood 


udnicant 


Bearing load without end fiow 


Ratio of specific heats for gas lubricont 
Eccentricity ratio 

Absolute viscosity 

Coefficient of frictior 
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tion by trial and error, performing the computations as 
shown 

If the frictional loss in the bearing is an important 
consideration, parameter H should be chosen as small 
as possible to reduce frictional force. A good approxima- 
tion to the frictional loss can also be had from the 
formula 


INSTABILITY IS COMMON 


Instability is often present in gas bearings similar to 
the “oil whirl” encountered in oil-lubricated journal 
bearings — when the shaft starts whirling in the clear- 
ance space, This is particularly troublesome with lightly 
loaded bearings having large clearances. The authors 
have found that if the ratio of radial gap to radius is 
kept small (c r<0.0004) instability can usually be 
avoided, It can be reduced by introducing ambient gas 
into the bearing in the region of negative pressure, but 
only if the direction of applied load is known. Other 
methods are similar to those with hydrodynamic oil 
bearings, such as machining axial grooves and steps in 
the bearing to form several regions of positive pressure, 
or reducing length-to-dia ratio 

Hydrodynamic bearings cannot take much load if ap- 
plied in pulses with a frequency one-half the bearing 
spin-frequency. When rotating at 9000 rpm (150 rps) 
gas bearings tested had practically no load capacity when 
the applied sinusoidal load had a frequency of 75 cps. 


CLOSE TOLERANCES NEEDED 


Radial clearances in gas bearings range from 0.001 
in. to 0.001 in., rather than from 0.001 in. and up as 
in an oil bearing. This close tolerance can be obtained 
by honing. It calls for careful design of the bearing sup- 
ports, so static deformations within the bearing will be 
smaller than the clearance. Stability of the bearing ma- 
terials must be considered, and large differences in ther- 
mal expansion of shaft and sleeve cannot be tolerated 
Heat generated by the bearing itself can be estimated 
from the frictional torque formula. 


MATERIALS FAVORED 


Hard materials such as chrome, nitrided steel, or 
tungsten carbide give the best gas bearings. They are 
easily machined to close tolerances, and because of their 
hardness, there is no “smearing” of the bearing surfaces. 
This differs from conventional bearing design, where 
some smearing is desirable. The small clearances in gas 
bearings do not allow room for surface deformations. 
Corrosivity of the lubricating gas also influences choice 
of a bearing material — hence the employment of inert- 
gas atmospheres 


SURFACE FINISH 


Maximum eccentricity at which a bearing can be op- 
erated and the speed at which it becomes “airborne” are 


influenced by its surface finish. Machining methods em- 
ployed in manufacturing the gas bearings automatically 
give good surface finishes. But even with good finishes, 


it is better not to bring surfaces closer than 50 microin 
For example, if clearance is 0.0001 in., max eccentricity 
ratio should not exceed 0.5 

Special care during assembly is necessary to keep 
bearing surfaces perfectly clean: Cleaning fluid should 
not leave deposits, and foreign particles must be kept 
out of the bearing 

Some form of thrust support is usually required. The 
noncompressible theory will give satisfactory results for 
gas-lubricated thrust bearings as long as the bearing is 
not operating at extremely high speeds 


EDITOR’S NOTE: 


These recent articles cover major advances in concepts 
materials applications and design analysis 


New Concepts 


“How to Design Ball Bearings for Water Lubrication,’ Oct 
28 ‘57, p 72. Recommended materials and tips on getting 
best performance 

‘Water-lubricated Fluid-film Bearings,’ Sept 30 ‘57, p 74 
Corrosion, low viscosity and poor boundary lubrication can 
be controlled by proper design and choice of materials 

Large Ball Bearings,” Oct ‘55, p 156. Basic types in sizes 
of 6-in. bore and larger. Effect of speed and size of balls on 
capacity 


New Materials 

“‘Material Recommendations for Special Bearing Applica 
tions,” Mid-Oct ‘57, p F7. Charts and recommendations for 
ball-bearing races and separators 

“New Oil-Less Bearing Material,”” Jan ‘57, p 202. Charac 
teristics and properties, advantages and limitations of bearings 
made from graphite-metal powder combinations 


New Applications 


Simplify Design with Multifunction Ball Bearings,’’ Sep 16 
57, p 122. Examples of special ball bearings, each built to do 
more than one job 

Unusual Applications of Miniature Bearings,” Nov ‘56, 
p 184. Ball bearings in slides, cam followers, pivot seats, gear 
reducers 


Design Analysis 


How to Reduce Shock Loads in Bearings,”’ Sep 16 ‘57 
p 72. Equations and tables for estimating shock capacity 
roundup of methods for reducing shock and overload 

“Stresses in Large Rings Bearings,” Feb ‘57, p 160. Formulas 
graphs and sample calculations 

Why Bearings Fail,” Oct ‘56, p 167. Charts giving symp- 
toms, causes and remedies of failures due to poor design, me- 
chanical abuse, overload, neglect, improper lubrication, im 
perfect mcnufacture 

Sleeve Bearing Failures,” Mid-Oct ‘56, p E2. Analysis of 
failures caused by fatigue, wiping, corrosion, wear, scoring 
and erosion 

Bearing Loads on Geared Shafts,’ Mid-Oct ‘56, p E6 
Employing vector diagrams for rapid analysis 

Integral-seal Ball Bearings’’ Nov ‘55, p 179. How to select 
combination of bearing and seal for maximum life and per- 
formance 

Sleeve Bearing Design, Aug ‘55, p 134. How to select 
design parameters for optimum combination of load capacity, 
temperature, power loss, lubricant flow, vibration and tur- 
bulence. 
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W ASHINGTON-—After 10 vears of blowing hot and 


cold on development of nuclear-powered aircraft, the 


Department of Defense has shelved most of the project 


1 result of (1 public clamor for speedy missile 
itellite succe ; 2 budget economics, and 3 
tionabl trategic values 

However, this lag ring interest doesn‘t sound the death 
kneel for atomic-powered aircraft. General Electric i 
till working on a joint Air Force-AEC contract to de 
velop a nuclear-aircraft propulsion system, and Lock 
heed and Convair are developing an airframe. Private 


ndustrv and the AEC 


gram, if onlv for commercial ipplication 


will still support a modest pr 


But Pentagon officials need a bird in the hand, and 
he nuclear-powered airplane is still deep in the labora 
Problems of radiation-shielding weight, 
ind effective reactor materials are far from solved. And 
ctiective 


roblems are worked out 


a : 1] 
developin strategicall 


} 4 — 


uircraft will take 


three vears once the basic ] 


A government official told Propucr ENGINEERING 


is week that the U.S. could have an atomic-powered 


urcraft flying today, for propaganda purposes, but it 
other value. Of course, a supersonic, 
nuclear-powered airplane would be valuable as a bomber 

craft—the military predicts heavy reliance on 
nanned planes for vears despite rush to missiles 


he first atomic aircraft will be dual-powered. Take 


ff and landings will be by conventional fuels. Once 
the pla lear of populated areas, nuclear power will 


ike over. Eventually, conventional fuels can be elimi 
last year the Pentagon junked a plan to 
perate a plane on nuclear energy at slower speeds 
vitching to chemical fuels for supersonic speeds 

he A-plane-development program was first ap 
proved about 10 vears ago with creation of NEPA 
Nuclear Ener for Propulsion of Aircraft) and the 
hiring of Fairchild Engine & Aircraft to make a feasi 


bility study. At that time, the military hoped to de 
sign a complete weapons system around A-planes 

By 1951 Fairchild had recommended going ahead 
with the program, and GE and Convair were given 


contracts to build a propulsion system and airframe 
in a sharp reversal, all but 
killed the program. But the AEC interceded 

In 1955 GI 


nuclear engine airborne to determine radiation effects 


But in 1953 the military, 
ind Convair combined to get a rough 


it varying altitudes, though the reactor did not power 
the plane. Since 1956, work has progressed steadih 
How nuclear plant might be installed by remote con 
trol is shown in a GE sketch, right 

Now Pratt & Whitney’s contract to build the J-9] 


ine for use in an atomic-powered plane ha 


A-plane Down but Not Out 


ee ee ~ - 
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When reasons are given for our lag in the missile (or more 
appropriately the satellite) race, inevitable is the cry 
that we do not have materials to withstand the variety of 
temperature extremes and other conditions encountered 
in the flight of a missile. Just where are these sensitive 
spots in a missile, what materials are being used, and what 
is being done to help solve the problem? Reports from 
a study underway to establish a criteria for the selection 
of materials for missiles indicate that the real material 
problems are inside the missile, and not so much 
the skin or nose. 

This cross sectional view of an imaginary three-stage 


rocket depicts many of these crucial parts. 


Rocket Chamber — 
Alloys 4130, 4140 and others like them are 
the metals used here, somewhat modified to aid 
machinability. The material deteriorates 
because of extreme thermal stressses and 
chemical corrosion. There is an almost 
immediate change in the cross-section of the 
venturi because of the high temperature 
(5000 F), and thrust (30,000 ft Ib). With the 
erosion of the materials here, it is possible for 
the thrust pattern of the engine to fluctuate. 
The first major effect is on the flight pattern 
Ceramic coatings like ZrO., A1,0;, TiO and 
nickel plate are used most often. Another 
suggestion: clad with platinum. (Reports from 
Russia say that country is using solid platinum 
for critical missile parts. ) 

The temperature difference between the 
3000 F combustion-chamber injector and 
the adjacent LOX at —296 F also poses 
distortion problems. Only a 4 to 5 in. plate 
separates the two. 





The Missile’s 


_ Fuel Pumps— 
Usually two for each rocket stage. One pumps 
liquid oxygen (LOX), the other kerosene, 
or a jet fuel, or alcohol. Both impellers turn at 
better than 10,000 rpm. Rotor is about 8 in. in 
dia., with small blades (% in. long). The blades 
are made of nickel and cobalt-based alloys, and 
stainless steels. Present casting and forging 
methods of blade manufacture are not reliable, 
provide poor quality control, and make it 
difficult to duplicate a desired blade type. 
High-pressure erosion is the main cause of 
blade failure—under the extreme stresses 
developed, the blades fly apart. Pumping liquid 
oxygen at —296 F poses another problem: 
sealing materials become brittle. Fuming nitric 
acid is sometimes used as an oxidizer, offering 
additional corrosion problems 


The Fuel Metering 

and Mixture Plate — 

One of the first areas to suffer from erosion 

are the fuel metering or injector ports 
controlling flow of fuel and oxidizer. The ports 
cannot change their cross-sectional area and 
maintain a homogenous mixture. Actually, the 
size of the ports change because of flow erosion 
(3500 psi, 2500 F). Thrust values from the 
rocket chamber are affected immediately; this 
will change the rocket’s acceleration. Guidance 
and control systems depend on a definite 
acceleration rate, but any trouble from this 
source would be eliminated by solving the basic 
metallurgical problems. Parts are supposed to 
withstand extreme pressures and temperatures 
for 8 min. Many fail after 4 min. 
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Metallurgical Miseries 


Fuel and Liquid Oxygen Tanks — 


Liquid oxygen at this low temperature can cause 
metal embrittlement leading to weld failure. 
Basic strength should be improved here 

with a reduction in weight. The fuel tank sides 
should not be separate units, but integral 

with the skin of the missile. Separate tank sides 
only add to the over-all weight of the rocket. 


Skin Temperatures — 


Skin-temperature buildup is enough to cause 
premature heating of the missile’s contents 
including the LOX, which will vaporize and 
blow up. When LOX expands, it becomes less 
dense, changing the fuel-oxidizer ratio, and 
thereby performance. Skin materials are 6061 
(61S) aluminum alloy for the first stage. Second 
stage either the same aluminum alloy or 
stainless steel. Third stage skin is a magnesium 
alloy. Some internal structural material is 

75ST aluminum. Best nose cone material is a 
ceramic coated metal. An asbestos-phenolic 
plastic is also used, as is titanium, Best 

nose cone tip contour is hemispherical. Expected 
temperatures at the tip are 1500 F. 


Driving Turbine for Fuel Pumps — 


Power suppiied by a small rocket engine 
burning hydrogen peroxide. With temperatures 
of from 800-900 F and speeds of 35,000 rpm, 
the turbine blades are subjected to thermal 
stress, erosion, creep, and mechanical forces. 
Here too the blades fly apart. Same materials 
are used for blades of both turbine and pump. 
Austenitic stainless steels and Inconel are also 


Fuels Used — 


Liquid fuels used are: kerosene, unsymmetrical 


used but not titanium because of the oxidizing 
atmosphere. Other materials tried recently for 
turbine blades are ceramic coatings on the 
above materials, and copper-clad molybdenum. 
Because this one turbine drives both fuel 
pumps, additional problems leading to pump 
failure grew from high mechanical stresses 
on the gears, and lubrication of the gear box. 
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dimethyl hydrazine, ammonia, and alcohol. 
Oxidizer is liquid oxygen. One source feels 

that the so-called “super” fuel claimed by the 
Russians for their second satellite is fluorine and 
hydrogen. Another estimate is a combination 

of boron and hydrogen. Russians also are 
known to be using alcohol—it can be made 
cheaply synthetically, and has a low freezing 
point. Liquid fuels are used almost always, 
certainly for the first and second stages of 

a three-stage rocket. Reason is its more easily 
controlled burning rate, and the decrease in 
metal erosion. Solid fuel is often used in the 
last stage. However, solid fuels should not 

be used as an initial booster to get the missile 
off the ground. Attachment of solid-fuel 
containers to the outside of the missile’s hull 
would require extra structural supports (adding 
weight) to withstand the great stresses caused 
by thrust action of the burning fuel 
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Liquid oxygen plant... 


can produce 20 ton (80 bbi 


per day of missile fuel from 10 ton of diesel oil 


after a few hours for setup. The Army’s new mobile unit, unlike stationary plants, 


requires no cooling water or chemicals 


Its 4 semi-trailers operate anywhere 
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NATO Viewpoints on 


Share-the-scientific-wealth Plan 


When Pres. 


Eisenhower and Britain’s Prime Minister Mac- 


Millan agreed to rally western allies to the cause of tech- 
nological progress (translation: catching up with Russia), it 
was presumed other nations would come flocking. 

Was this attitude justified? A pooling of technical resources 
and research abilities appeared to have unquestioned value. 

But what of the uninvited, now invited? Was the offer too 
late to be of technical vaiue? How rapidly could scientists 
from nations that haven’t kept pace with US missile and rocket 
development be integrated into a cohesive, productive team? 

For their reactions to these and other related questions, 


PRODUCT ENGINEERING through McGraw-Hill World News 
spot-checked leading NATO-nation scientists: 


PARIS— I'rench 


propos il to 


feel the 


scientific 


scientists 
NATO's 


talent could produce beneficial results 


pool 


provided the proposal is more than a 
political gesture. Both American and 
officials here say that 
French developments could have been 
exp] uted to NATO’s benefit much 
more quickly if there had been a scien- 


tific pool 


French many 
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a US manufacturer 
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work have 


Several European organizations have 


tried to pool scientific brains, but 


these pioneering groups lacked money 


} 


ind personnel to do the job as it 


should be done. 

LONDON - British 
talkative, are reluctant to comment 
on possible British contributions to a 
They 


as claims of 


scientists, usually 


scientific pool feel comments 
taken 


ind 


British 
US 


might be 


superiority might increase 


antagonism to secret-sharing. 
felt that 


However, it is generall; 
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WASHINGTON—Don’'t 


immediate lowering of the barriers to 


look for an 


the exchange of scientific and tech- 
nical information between the western 
nations. 

Pres. Eisenhower put the official 
White House blessing on the measure 
in his first “chins up” talk to the na- 
tion. But, it’s a difficult matter to 
put into effect—it will be over the 
long haul rather than an overnight 
gradually. 

For one thing, Congress controls 
the nuclear weapons in- 
formation and must okay its 


release of 
release 
to other countries. Other classified in- 
formation will be released, but only 
gradually. 

In addition, the US 
wants to stick to its present system of 
making _ bilateral 
western nations on military 


reportedly 
agreements with 
weapons 
development. 
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crothermodynamics. The other is the 
Mutual Weapons Development Pro 


fram under 


information on 


which bilateral agreement 


weapons R&D 


re made for 
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\t present, the U.S. does not have 
1 central clearing house for 
ind disseminating 
tion. It is a 


Tals d 


obtaining 
roreign 
that 


members of 


point 
recently by 


up when they 


gress who may set one | 


reconvene next year 
The bulk of the U.S 
obtaining scientific 


effort toward 
information from 
round 
And 
fluent in 
ind German, most of the 

of Russian 
government 


ibroad now centers translat 


ing technical journals 


Since 
Iren h 
translations 
\ iT] 


their ow! 


most scientists are 
documents 
iwencies do 
ranslations of foreign documents. Be 
vond this, U 
information 1s poor, 
i’fforts are 
partmental 


.S. exchange of scientif 


Interde¢ 
Committee of Gk 


made bv the 
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ment Agencies to 
tion of 

| 


one place a scientist of a commercial 


| 
prevent duplic 


translations, but there is n 
company can turn to obtain all known 
information on subject 
Currently, the 
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a particular 
government is con 
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round the w 


putting scientihc 
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A MESSAGE TO AMERICAN INDUSTRY 


ONE OF A SPECIAL SERIES 


BASIC RESEARCH . . . 
More Practical Than You Think 


This editorial, one of a special series on the im- 
portance of research to the American economy, 
deals with an aspect of our research program 
that may have serious consequences in future 
years — the lag in basic research. 

An earlier editorial in this series noted: “The keen 
interest of U. S. business firms in scientific research 
points the way to a new kind of prosperity for our 
economy a prosperity based on deliberate creative- 
ness.” As a result of the dramatic increase in industry's 
research expenditures, more new products will be 
introduced in the years 1957-1960 than in any pre- 
vious four-year period. 

A steady stream of new products and new processes 
means better values for consumers and lower costs for 
business. And thus it promises to sustain a high level 
of general prosperity that defies the old laws of boom 
and bust. But, as we look further ahead, there is 
a danger that the stream of research discoveries 
may run dry because of our neglect of basic 
research. 

This danger was described by John Jay Hopkins, 
late founder and chairman of the General Dynamics 
Corporation: “Unless there is a revolutionary de- 
velopment in America ol pure, not applied, s lence, 
there will come a day when there is no use in trading 
in your old car; because the new one is no better. The 
only difference between this year’s television set and 
next year’s will be the appearance of the cabinet! 
Scientific progress will be replaced by scientific stag 


nation.” 


What Basic Research Is 


Basic (or pure) research has been characterized 
as the pursuit of knowledge for its own sake rather 
than to fulfill some practical objective. It is generally 


carried out in an environment which allows the in- 
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vestigator the freedom to follow the lead of his 
curiosity. The scientist in basic research, in the words 
of Glenn T. Seaborg of the University of California, 
is not concerned with “utilitarian goals, but a search 
for deeper understanding of the universe and the liv- 


ing and inorganic phenomena within it.” 


Impractical as basic research may seem in its 
initial purpose, it is an essential prerequisite 
to applied research and product development. 
A few examples will show how some of the greatest 
technic al advances of recent years have come trom 
basic research projects that had no immediate prac- 
tical objective: 

@ Radar an important military Cevelopment 
of World War II with broadening commercial appli- 
cations was the outgrowth of a basic research 
project whose purpose was to obtain information 
about the height of the ionosphere, the layer of air 


that lies some 25 miles above the earth's surface 


@® Transistors — the miniature devices which are 
already vital components of hearing aids, pocket 
radios and a wide variety of industrial equipment 
were invented at Bell Laboratories (research sub- 
sidiary of the American Telegraph and Telephone 
Company) following university investigations into the 


electrical behavior of solids. 


e Neoprene a synthetic rubber was devel 
oped by duPont with the help of basic information 
provided by Father Nieuwland of Notre Dame, who 
discovered he could control the polymerization (the 
linking together of molecules) of a certain class of 


organic ¢ ompounds, 


@ Nylon —the first of the noncellulosic synthetic 
fibers that have revolutionized the textile industry 
crew out of fundamental research by Dr. Wallace 


Carothers on long-chain polymers. 


(continued on page 114 





Only 8% of All Research and Development 
in the U. S. is Devoted to Basic Research 


$3,870 
million 





. $970 
Applied million 
Research 
and 
Develop- 
ment 
$460 
million 
$70 
Basic million 
Research NE eee 
Conducted by Industry Federal Colleges & Other 
Government Universities Institutions 
Dot lot / S ce Foundation Funds for 
Bo Research the United States, 1953 


Industry’s Stake in Basic Research 


Industry traditionally has relied upon colleges and 
universities and other nonprofit institutions for basic 
research; and the U. S. has long benefited from the 
greater emphasis placed on basic research in Europe. 
It is conventional to think that business cannot, and 


should 


which do not have immediate practical application. 


not, do much about “ivory tower” projects 

However, there is not so much in this idea as is 
supposed. The examples above illustrate what Caryl 
Haskins, president of the Carnegie Institution, has 
called “the widespread paradox that the most impor- 
tant practical consequences are commonly the least 
sought after.” Furthermore, it is certain that, without 
adequate basic research, industry’s efforts to produce 
new and better products will become progressively 
more difficult. And our national defense, in an age of 
breathtaking military applications of science, will be- 
come increasingly precarious. 


In the 


through expansion into new lands or through dis- 


past, our economic growth came largely 
covery and development of rich deposits of natural 
resources. Such opportunities are relatively limited to- 
day. The great opportunities now lie in discovering 
new materials and new properties of the materials we 
already have. This is the job of basic research, 
and industry has a vital stake in it. 

rhe chart indicates the tiny share of research efforts 
in the U.S. that is devoted to basic research. Only 
4% of all research by industry, and only 8% 
of all research in the U.S., during the year 1953 


114 


(the latest for which information is available) rep- 


resented fundamental research to add to over- 
all scientific knowledge. Even in colleges and 
universities less than half the research performed is 
basic research. At least one Nobel Prize winner has 
expressed the belief that we need and should work 
toward a doubling of the proportion of our total 
research effort that is devoted to basic research as 


soon as possible. 


What Business Can Do 


Without anything like a staggering increase in the 
total cost of its research programs, industry could do 
much to expand our basic research effort. Companies 
with big research programs should, as a matter of suc- 
cessful survival, be devoting a share of the effort in 
their own laboratories to basic research. Significantly, 
companies that are already doing a notable job of 
basic research have also made an outstanding record 
of translating such research into new products for in- 
dustry and the consumer. 

Smaller companies may rightly regard the conduct 
of research projects with uncertain prospects of re- 
ward as a luxury. Some basic research, indeed, never 
results in any tangible payoff. But, with modest con- 
tributions, small companies can still have a part in the 
advance of basic research. They can join together with 
other companies on cooperative projects. They can 
support basic research through trade associations 
They 


centers in universities and other nonprofit institutions. 


and technical societies. can help research 
Arrangements are available in some instances whereby 
business firms can pay a fee to have access to work 
done by university researchers. 

One way or another, it is up to private busi- 
ness firms to see that basic research moves 
forward. By doing so they will be laying the 
groundwork for the development of the new 
products and technology on which their growth, 


and the growth of the economy, depend. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
extended to 
groups or individuals to quote or reprint all 
or parts of the text. 
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NEW GENERAL ELECTRIC DC MOTOR 


GIVES 


Extra Power To Meet Peak Loads 


AINA a new stand- 


ard in industrial direct-current mo- 
tors 


] 


. designed to 


power load requirements of modern 


meet the vital 


manufacturing methods 
Proper Design Balance means 


} 


unmatched commutating ability 


he ability to deliver the _ short 


bursts of power required for quick 
Fewer 


armature coil full 


acceleration and deceleration 
turns pe! 


complement of commutating poles 


maximum number 
mutator segments, combin 
mit higher peak loads 


New Brush Assembly constant 
pressure brush springs eliminate 


Bronze, 


brush holders are 


brush adjustments corr 
sion-resistant 
square steel studs for 
both directions 
Molded polyester-glass 


heat 


mounted on 
stable operation 1 
of rotation 
yoke re 
and corrosion 


sists impact, intense 


D-c Kinamatic Motors 
able key + 
Additional information is 
at youl 
Apparatus Sales Office. Or 

r Bulletin GEA-6355 
Direct Current Motor and Genera 
tor Department, Erie, Pennsylvania 


nearest General 


prefer, write f 


xde-Mark of Genero! Electr mi 


Phogress /s Our Most Important Product 


GENERAL @@ ELECTRIC 











RICHARDSON 


kkach of the molded parts pictured 
at the right has specifications 
which call for special 
materials—often with unusual 
properties. All called for 

creative design. The volume 
production of these parts is proof of 
the thoroughness with which we 
approach your problems and 

the quality put into the 

finished product. 


Send for the Richardson Molded 
Catalog or Glossary of Plastic 
Terms. There is no obligation. 
Write Dept. 27, 0000 Lake Street, 
Melrose Park, Illinois. 





RICHARDSON 


PLASTICS ../ 
LAMINATED and MOLDED 





IMPROVES 
fsaleliol-lom-leicemecr-tat— 


water pump impeller 


Made of special moisture resistant phenolic. Withstands the extremes 
of high heat and intense cold u 
cavitation resulting from cu 


timing gear 


Working from manufacturer’s specifications, Richardson 
developed anew material wl resulted in excellent fle 

in the web section and good bond in the laminate 
permitted easy cutting of gear teeth with proper toot} 

} 


change to plastic gears has made fabrication easy, operation Is 


and gear life has been tripled! 


radio antenna mast base 


This part has good surf 
dielectric strengt! inc 


specified was black phi 


Original part was 
translucent lens. Sat 
because it would add t 
worked out a special | 


in a 15% reduction o 


the RICHARDSON COMPANY 


Founded in 1858 


Dept.27 «© 2793 LAKE STREET * MELROSE PARK, ILLINOIS « SALES OFFICES IN PRINCIPAL CITIES 


— . ) 1Qn7 





OVER-DESIGNING ? 


If you are designing bronze parts for mass 
production, there is a good chance that you are 
specifying a more costly alloy than you need 

ASARCO’s patented continuous-casting 
process produces alloys according to SAE, ASTM 
and Government specifications. But their 
performance is entirely unlike that of similar 
alloys cast in sand or permanent molds 
Relatively low-cost alloys cast by the ASARCO 
process perform like more expensive alloys 
cast by other methods 

For example, compare Continuous-Cast 
SAE 660 (ASARCON 773) with more 
expensive sand-cast alloys 


Typical Typical Brinell 
Yield Strength Impact Strength Hardness 
ASARCON 773 27,000 ¢ 12.5 ft 2 


and-Cast SAE 62 20,000 5 t 65 


and-Cast SAE 64 17,000 ¢ 8.2 t 62 
Unless you’ve checked to see whether the 
unique ASARCO bronzes can give you what you 
need, there’s a possibility that you’re 
over-designing. You may even be able to replace 
aluminum and manganese bronzes with 
low-cost ASARCON Continuous-Cast bronzes 
under certain conditions. Over-designing 

in be expensive in mass production 
even if you are spending only a penny-or two 
extra per pound of bronze 

ASARCON 773 (SAE 660) is readily 
available from stock in a wide range of sizes 
An added bonus is the fact that ASARCON 773 
is exceptionally free-machining. Rods, tubes, 
and numerous “extruded”’ shapes up to 
9 inches in diameter are cast to order by 
ASARCO in more than 20 alloys 

We'll be happy to send you a free booklet 
describing the process and the product 





Continuous-Cast Products Department 


AMERICAN SMELTING AND REFINING COMPANY 
Perth Amboy Plant, Barber, New Jersey « Whiting, indiana 


WEST COAST SALES AGENT: Kingwell Bros. Ltd., 457 Minna Street, San Francisce IN CAWADA: Federated Metals Canada, Ltd, Terente and Montreal 
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1 O Ways to Apply OVERRUNNING 


These clutches allow freewheeling, indexing and backstopping applicable to many design 


jutcoh 
Clulec 


freewheeling 


¥ “1 Overrunning motion of outer race moves 
/ iw 


. ea) SPrags out of locked position 
= \ 


ANN 
sa | 


KW 





Sprags in overrunning “Wedging angle 
position Sprogs under torque /oad 
ariving, 
Precision Sprags .. . 
act as wedges and are made of hardened alloy steel. In the . 
Formsprag clutch, torque is transmitted from one race to another 


by wedging action of sprags between the races in one direction 2-Speed Drive—I... 
othe ction the clutch freewheels 
in other directior RS CIUIEN WIOSWNSE requires input rotation to be reversible Counterclock 


wise input as shown in the diagram drives gear |] through 
clutch 1; output is counterclockwise; clutch 2 over-runs. 
Clockwise input schematic) drives gear 2 through clutch 


2; output is still counterclockwise; clutch 17 over-run 





1S hp, 1750 rpm 2hp, 870 rpm = 
motor motor ‘ 
~ ~ 2-Speed Drive—Il .. . 

for grinding wheel can be simple, in-line design if over-runnir 
clutch couples two motors. Outer race of clutch is driven by 
gearmotor; inner race is keyed to grinding-wheel shaft. Whe 
gearmotor drives, clutch is engaged; when larger motor drive 

\ inner race over-runs 

“ 
be 


‘, 


Clutch ~coupling 








Locotiig holes = Clutch permits 
Pe feed only on 
Gear’ “forward stroke 


Ho ng 
using 


Indexing Table . . 
Fan Freewheels .. . is keyed to clutch shaft. Table is rotated by forward stroke 
when driving power is shut off. Without over of rack, power being transmitted through clutch by its 
outer-ring gear only during this forward stroke. Indexing 
belt is slightly short of position required. Exact position is then 
located by spring-loaded pin, which draws table forward 
to final positioning. Pin now holds table until next power 
stroke of hydraulic cylinder 


running clutch, fan momentum can cause 
breakage If driving source is a gearmotor, ex 
cessive gear stress may also occur by feedback 


of kinetic energy from fan. 
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CLUTCHES na, 
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problems. Here are some clutch setups. 


DESIGN ROUNDUP... 





W. EDGAR MULHOLLAND, Executive Soles Engi 
JOHN L. KING, JR, Project Engine: 


Formsprag Company, Warren, Mich 













































- 7 Clutch prevents Clutch drives roll 
Flywhee/—~ _ 7 
ae = . 2 reverse rotation in one direction _— 
throw + oaly \ - 
\ \ ; 
Frome OP. \ 
~~ » 
Punch Press Feed... ing ection 
is so arranged that strip s 
| a is stationary on dowr ; 
Punch d Feed res stroke of punch (clutch 
~ 
er ee freewheels); feed occur p 
die~— Steck during upstroke when ; as 
clutch transmits torque Pinion keyed fo ovter ring of clutch . 
Clutch Feed mechanism can ea 
perl ily be adjusted to vary Ind . d Backst 4 
rae | A gin ndexing and Backstopping . . . 
outer gone with two cliutche arranged that one 
race- | = drives while the other freewheels Application hers 














-_ $s for capsuling machine; gelatin is fed by the rc 
and stopped intermittently s DiaGe can prec 


shear material to form capsules. 
















y-laner race moves Output shaft az 
reciprocatingly - 


























" Adjustable | 
eccentric | 
x — | 
\ SC 
_ \ a = >) 
Clutch and geor Linkage {~~ , : 
on f roll s 
ee&ro Pivot point \. w Clutches? Controi< Zero Control-link  }-Pinion with 
Poth of P (one over- link movement / Geuble ecceninc 
eccentric rides while 





other drives) _— —Eccentric 


>\ at pce 








Intermittent Motion. . . 








J T input 
of candy machine is adjustable; function of clutch Drive link- / shott 
is to ratchet the feed rolls around. This keeps the m j 
terial in the hopper agitated 
Double-impulse Driv 
- employs double eccentrics and drive tcne Eact tc? 
: dexed 180 ut of phase with the other. One revolut 









Anti-backlash Device 


uses over-running clutches t re that backlast eft the 


{ unit Gear A drives B and shaft || with the gear mesh and back 
ash as shown in (A The . r ning tc? year © permit 
t { eZ c gear D (driven by shoft |! to drive gear na results in the me 


and backlash showr B The ver-running clutches never 














= ®—* 


| 
Uverrunning clutches | 


actually over-run They provide flexible connection: omett 





ike split and sprung gears) betweer hatt | and gears A, C 1 


Tracer gas is sprayed over the relay enclosure while it is under high vacuum 


STANDARDS THAT DETERMINE RELAY QUALITY 


100% leak-free hermetic sealing 


We reject relays with leaks so 
tiny that it would take 30 years 
to admit 1 cubic centimeter 

of air! 


Hermetically sealed relays are safe 
from the dangers of human tamper- 
and 


Pe 
ing, 


dust and dirt, sand, moisture and 


high humidity, fungi, salt spray and 
reduced air pressure. To insure this 
safety, however, sealed relays must 


be absolutely free from leaks 


AUTOMATIC = 


from severe conditions of 


That is why, at Automatic Ele 
tric, every single hermetically sealed 
relay undergoes a sensitive mass 
spectrometer test. This highly re- 
fined method of testing detects leaks 
so tiny that it would take more than 
30 years for one cubic centimeter of 
air to pass through! To protect you, 
we reject “leakers’’ able to pass ordi 
nary immersion tests with ease. 


Thanks to like 
this at every step of manufacture, 
Automatic Electric relays the 
most reliable you can buy. 


uncommon care 


are 


ELECTRIC 


ry 
A member of the General Telephone System 
One f America’s great communications systems 


SPSSSSSSSESSSSSSSECSSSCCECECSCSCCECECES 
seeeeeeseeeeeeeeeseeeceseeeeeseeeeee 


Hermetically sealed relays are avail- 
able in many varieties. Write today for 
Catalog 4083 PD. Automatic Electric 
Sales Corporation, Northlake, Iil. 

In Canada: Automatic Electric Sales 
Canada) Ltd., Toronto. Offices in 
principal cities 





How to find 
7 Final Dimensions of Stretch-formed Parts 


BRUCE RUSSELL Chence Vought 


Serious errors can result when thickness, flange-depth, and web- 
width changes are ignored in the design of stretch-formed 
parts. Here is the way to calculate these dimensional changes. 


mOZmMAmnNmMyA 





Use this curve for thickness ond width ratios 


(Lt am) for both stretch ond rubber forming 


> == 


Use this curve for flange height ratios for 
rubber forming;web height ratios for 
stretch forming 


4 + L2r 


Rotio units 


+ 





0.7) | | | | 


OO +01 +02 +03 +04 +05 +06 +07 +08 +09 +10 








Rotio he/R (Original flange height / radius) 


T he final dimensions of stretch-formed 


be found from the curve ind formulas presentec 


Csel 


i 


here These aids get around the problem that 
toured parts undergo dimensional changes in 
section when formed on stretch press of rubber pre 
When stress calculations ignore such changes, unex 

pected failure of the part may occur. The problem 

is aggravated by new materials and production t 

niques that increase maximum elongation d 

forming; this magnifies error when strength calcul 

tions are based on the original dimension. | (continved on page 123 
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Lost 
WAX 


: The i’ 
Royal Family | 


INVESTMENT 
CASTINGS 





Yes, there is a difference in investment casting QUALITY! Although 
some of the variants are not immediately detectable by visual inspection, 
they are there and they are important! Many of the nation’s industrial 
leaders have selected Alloy Precision Castings — producer of “The 
Royal Family” of investment castings — as their primary source. Here 
are some of the reasons why: 


@ ALLOY PRECISION is the nation’s only foundry with both 
FROZEN MERCURY and LOST WAX 
facilities under one roof! 

@ ALLOY PRECISION produces the industrys GREATEST 
SIZE RANGE (1/10th ounce to 100 
lbs.) and choice of alloys. 

@ ALLOY PRECISION’S metallurgists, foundry engineers, lab- 
oratory technicians CONTROL every 
step of production. 

@ ALLOY PRECISION’S complete inspection facilities include 
the newest X-RAY, MAGNAFLUX and 
ZYGLO equipment. 

@ ALLOY PRECISION enjoys an enviable reputation for dem- 
onstrated foundry skill, consistent HIGH 
QUALITY and deliveries made promptly 
on schedule! 

The Alloy Precision trademark ( APE) on a casting is the royal stamp 
of approval. Guarantee the success of your investment cast parts! Send 
them to ALLOY PRECISION CASTINGS CO. 











“HOW TO DESIGN, SPECIFY AND BUY IN- 
VESTMENT CASTINGS” literature includes 
description of Alloy Precision’s modern 
plant and techniques. Write today! Send 
blue prints for quotes, design recommenda- 
tions and value analysis to: 


ALLOY PRECISION 
castings company 
Dept. 511 © 3855 West 150th * Cleveland 11, Ohio 
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how to find 
Final Dimensions of Stretch-formed Parts (continued) 


O 


STRETCH-PRESS 


(entire sections stretched) 


mOZmMAmMmnAmMyA 


RUBBER-PRESS 


(flange stretched) 


RUBBER-PRESS 
(flange shrunk) 





Plate or Sheet Under Triaxial Strain Unrestrained 
Along Width 








AMP-lok 


the new concept in multiple connector design 


.-. IT’S SELF-ANCHORING 


AMP-lok obsoletes all it replaces because of the 
following design features: 


e contacts are identical . . . self-cleaning 
eliminates the necessity for supplementary > recessed for safety 
mounting devices in through panel multiple con- ‘ finger grip engagement and disengagement 
nector applications. 


polarized to eliminate circuit error 


Additional literature and samples available on request. wide panel thickness accommodation —one simple 
‘ mounting hole required 


color-coding available 


AMP-lok can be used as a Safe, free-hanging 


multiple connector, also 


AMP INCORPORATED 


GENERAL OFFICES: 
5539 Eisenhower Bivd., Harrisburg, Pa. 


W y Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada e Aircraft-Marine Products (Great Britain) Ltd., London, 
England e Societe AMP de France, Le Pre St. Gervais, Seine, France « AMP — Holland N. V. 's-Hertogenbosch, Holland 


Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 





and MATERIALS 





Multiple-speed and Takeoff Transmission 
in Sizes up to 60 hp 


irrangements to provide four, six, and reported tra 

nine ranges of spc d. Standard high-to-low varict I ts al vail $245-3 d ( Turner Uni 

itput ratios vary from 4.7:1 to 8:1, with Drive Co., 3429 ‘Terrace St., Kansas City 5, 
max 12.4:1 step-down; a step-up ratio of 1 a top-hinged motor pla llow Mo 
1:8 is possible in certain applications. Di It adjustment; in another witl ean rcle 1, inside back 
mensions are 17 x | in. for Model ise, transmission and motor me 
240, 204 x 2( 4 it r Model 54 horizontally, and motor rails allow { Glass and Quartz- 
Close-grained grey iron housings are used belt takeup. Output sh n be left reinforced Teflon 


with 20°-stub tooth gear ind tapered or right-hand, forward, rear, ort ntet for Insulation 


roller bearings te or overhung loads mounted, depending 
Such selective r transmissions permit rangement 

electric motors or gas engines to operate at Standard 

their most efficient pc | \ [ O ove! | 

load condition ler, high-speed elec 


tric motors mav often sed instead of 


CONTINUED ON PAGE 120 
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pr nding 
lantitics 
Rogers, Conn 


Circle 2, inside back cover 


kit f 


Hall I i 


1 Tea ift kit. Barber-Colman Co.., 
1300 Rock St Rockford, Il 


rcle 5, inside back cove 


Differential Pressures Operate 
Automatic Air Line Oiler 


, r } ] 
| tt a pply when it vellows; this 


feeds oil oul through ort, mj 
ment the ir stream the outlet enc 
When the oil chamber is 
lows activates the shut-off plung 
supply to the air t 
Ihe oiler is aluminum and wei 
Less than | ft long, it can b 
or mounted 


3 fm max. P 


rice is $59.5 High-strength lock washer 
lelivery is from stock. Le Roi D | at ia 
Westinghouse Air Brake Co., Milwau teeth 
kee | t 


far h , rs 
ivision, icavy-d , . 


Circle 3, inside back cove 


on \ minat hand 

i Shakeproof Div., Illinois Tool 
W orks, St. Charles Rd., Elgin, Il. 

tightened down ’. 1 t Circle 6, inside back cover 

About 30¢ ich depend ¢ 
juantity. Dept. KP, Torit Mfg. Co., Wal 
nut & Exchange Sts., St. Paul, Minn Subminiature pressure 

Circle 4, inside back cover snubbers . 
; } ' 





ta 
Oil-submerged motor 
operator 
controls dampers in heating 
air conditioning systems, and oth 
trial applications. The spring return 
ortional-type unit features a 1 
Compression fastener .. . train and drive, completely subn 
f rtight htproof bration ul and sealed in a dic 
tant Dh ium-plated be mounted in any 
. 24, 115, 208, 23 


CONTINUED ON PAGE 128 
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BEARING TIPS by McGill 


GUIDEROL bearings add efficiency 
—- and sealing — to greater capacity 


for THEW LORAIN 





McGill bearings have the proven quality, de 
sign advantages, extra capacity and precision 
required to insure the efficiency of needle 
type roller bearings in all modern machinery 
They are specified by Thew Lorain to help 
make the performance of their giant 75 ton 
Moto-Crane smooth, rugged and reliable un 
der severe operating conditions. Thew Lorain 
specifies McGILL bearings in all heavy duty 
equipment for their outstanding dependability 
with reduced maintenance. McGill bearings 
will work equally well for you. Write for 
Catalog No. 52-A 


Special GUIDEROL ; bearings 
for turntable rollers 


Four of these specially designed turn- 
table roliers support the entire weight 
of the superstructure plus overhang- 
ing work load. They replaced inade- 
quate plain friction rollers to allow 
for smoother handling of even greater 
imposed loads with no track wear. 
Simplified lubrication and longer life 
reduced maintenance. 





Sealed GUIDEROL bearings 


for boom peak sheave 


The integral seal design of these extra 
capacity bearings ofters exceptional 
compactness in the Jib and Boom Peak 
sheaves. Unit costs are lower because 
counterboring for separate closures 
are ummnecessary Retained grease in 
the protected bearings eliminates 
climbing or lowering the boom for 
frequent relubrication, 


Sealed GUIDEROL bearings 


for fairlead sheave 


Fairlead sheaves at the base of the boom 
on drag lines and back hoes, etc. need 
bearings protected from contamination 
Effective sealing against ever present dirt 
and grit materially extends bearing life 





Sealed CAMROL* Cam Followers 
for outrigger support 


Located in the outrigger carrier chan- 

nels, these cam follower bearings 

facilitate extending the supporting 

outriggers. Subject to heavy working 

loads, these sealed bearings provide 

low cost and dependable anti-friction 

support rollers that stay clean and 

well lubricated. 

TORR RRR RRR ERE REE RE RERERE RESET EEE EEE Tee 


Insure performance with Ms G IL E 


MULTIROL® GUIDEROL cameron 


SETHE EEE E EEE EEEEEEE 


McGILL MANUFACTURING COMPANY, INC., 
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Precision Needle Bearings 


201 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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527% saving 


This pawl was previously milled from a %" x 14%" hot rolled 
oil hardening tool steel. Conversion to a cold drawn extruded 
section cut cost from 45¢ to 22¢ per part. 


Red area shows scrap loss before 
conversion to extruded section 


Here’s how extruded sections can cut your cost: 
. Eliminate machining and finishing operations. 
. Reduce scrap losses almost to zero. 
3. Eliminate cost of casting and forging intricate sections. 
. Reduce inventories because extrusions are quickly 
available. 


Investigate this new production technique for your shape 
profiles—within present limits of a design which can be 
inscribed in a three-inch circle. Available in a wide range of 
carbon and alloy steels. For specialty alloy and tool steels, 
submit inquiry. Get complete details by writing to the 
Jones & Laughlin Steel Corporation, Dept. 409, 3 Gateway 
Center, Pittsburgh 30, Pennsylvania. 


Jl Jones & Laughlin 


STEEL ...a great name in stee! 
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New Parts and Materials continued 


Will, Ulla XZ” KX cele 
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Groov-Pin Corp. Ridgefield, N. J 
Circle 13, iside back cove 
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: Primers for fusing 
VARIISS Sl, FSIEMIIIIITS 


vinyl to metal .. . 


USING RIVETS 


| Dennis 
Chemical Co., 2701 Papin St., St. Louis, 
No 


N Circle 14, inside b-ck cove 
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LLL LLL 
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A short design course guaranteed to save a lot of grief later on! 


You could memorize these and thousands more design 
tips on the best use of rivets—but don’t! Much simpler 
to call on Milford for the right answers to all your 


John L. Dore Co., 5406 Schuler 
St.. Houston 
semi-tubular, split, cutlery, decorative—Milford makes Circle 15, inside back cover 


riveting design and application problems. Full-tubular, 


them all from any metal that can be cold-formed, 

then adds a wide variety of platings and finishes. ; 

Blind fastener .. . 
To improve product appearance and strength vith threads that grij 

.. to take full advantage of automatic assembly 

. to cut delivery time and production costs 


MILFORD —get in touch with Milford first! ‘ wagyisd ’ ) 


nesses from 0 to 3/16 in 
ry MILFORD RIVET i & % in. tostas on 
inv US stand rd 6-32 
& MACHINE co. “so 


Hl 1HlAKC 1 
MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF 


ith weight-carrving ipacity i:miut 
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take 
it 
in 
color 


and you put Synthane laminated plastics to work 


Slide for cut film holder —made from Synthane 
sheet because Synthane is opaque to infra- 


red rays. 


Product 


ngine CTI 


At first glance the connection between 
color photography and Synthane lami- 
nated plastics may seem obscure. Ac- 
tually, Synthane has long been at home 
in the manufacture and processing of 
film and in the developing of the 
finished picture. 

Many types of rolls, loop sticks, and 
structural parts made of Synthane are 
used by the film manufacturer. Racks, 
film sprockets, reels and rollers em- 
ploy Synthane in developing proc- 
esses. In the infancy of color pictures 

(and ever since), racks and reels made 
of Synthane proved to be exactly what 
were needed to resist developing solu- 
tions, prevent film fogging through 
contamination. Film holde er slides and 


- 
ete a 4 
— 


CHEMICAL RESISTANCE LIGHT WEIGHT 








various parts for cameras are other 
uses of Synthane in photography 

The photographic industry needs 
Synthane for its unique combination 
of properties. Resistance to moisture 
and chemicals, non-fogging qualities, 
its hard, smooth surface are all impor- 
tant characteristics. Synthane is tough, 
light in weight (half the weight of 
aluminum) and easily machined. These 
and many other chemical, electrical 
and mechanical properties make Syn 
thane valuable throughout the length 
and breadth of industry. 

Over 30 grades in sheet, rod or tube 
form or completely fabricated by us are 
looking for work with you. Write for 
information. 


Kl 


EASILY MACHINED MECHANICAL STRENGTH 


SYNTHANE| .. . industry's unseen essential 
{sr 


SYNTHANE CORPORATION, 4 RIVER ROAD, OAKS, PA. 





Read the inside story of 
these NEW Aircraft Valves 


Seals bubble- 
tight with slight 
contact pressure 


Seal breaks 
cizanly at either 
of 2 points 


No “blowout” as in 
an ordinary face seal 


Bridgeport, well-known supplier of aircraft bellows and assemblies, 
brings you a new sealing principle—the BERGEN CAPTIVE SEAL—and 
3 new compact, light-weight valves. 


Here is a seal that can’t “blow out”’ because of its steel captor retainer 
that provides not one, but two, breaking points that instantly release 
pressure unbalance when the seal is broken. 


The CaprTivE SEAL itself does not wear, is not damaged by particles in 
the fluid stream. And anyone in the field can replace it. 


i= 
ee 
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Screw socket Solenoid 
Pilot valve. 3 way, 3000 


General purpose Sole- 
noid valve. 4", 3way, 24 
V.D.C., 3000 psi. Hydraulic— 


psi. Pneumotic 


pneumatic 


3 


We Contras 


BRIDGEPORT THERMOSTAT DIVISION . muroro, conn. 
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Kober haw-Fulton 


® 
CONTROLS COMPANY 


General purpose Sole- 
noid valve. “2”, 3 way, 24 
V.D.C, 3000 psi. Hydravlic— 
pneumatic. 


Write for new catalog containing 
complete operating and physical 
data on these and all other Bridge- 
port aircraft valves and products 
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Circle 16, inside back cover 


Self-locking nut 


nagnetic applications 
> mounting surface to 
width 


over-all have 


en decreased. Rivet holes are maintained 
it standard 3/32 dia. Kaynar Co., Kaylock 
Div., 820 E. 16th St., Los Angeles 21 


Circle 17, inside back cover 


Electrical insulation tubing 
can be bent to twice its dia without crack 
Made from br 


patented anti-fray treatment 


ng the coating 


1g aided glass 
ers with a 
gnated and completely 

dified si ne varnish 

Ava tandard NEMA sizes in black 
and 1 Bentley, Harris Mfg. Co., 
Conshohocken, Penna 
Ciel 


Circle 18 side back cover 


Copper-clad Teflon 
sheet and tape 
for use in printed circu low dielec 
constant, dissit n f and water 
e a uniform 
area with 
in 18x 36-in. 
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How to USE wire cloth at lower cost 


Today many companies are able to make wire cloth 
components, like these shown here, at lower cost than 
ever. The answer lies in new services, new developments 
worked out by the Reynolds Wire Division of National- 
Standard ideas aimed at the more effective, less 
wasteful use of industrial wire cloth. For example... 


5 SUGGESTIONS: 


1. Check on wire cloth rolls 2 to 8 times normal length 
. .. for 2 to 8 times as much production in a single run. 
Fewer shutdowns. Less handling. 


2. Consider pre-slit widths, plain or with woven-in rein- 


forcement, as narrow as 1 inch or less, to meet your 
requirements exactly with minimum handling and waste 


9 


3. Evaluate Reynolds’ new palletized packaging. Less 
chance of damage. Faster, easier handling on arrival, in 


and out of storage and right to production operations 


4. Look into the many different weaves, meshes, metals, 
finishes and coatings . . . some unique with Reynolds 

to make sure of the optimum specification for your 
requirement 


5. By all means take advantage of Reynolds’ engineer- 
ing and analytical service nation-wide and 
unmatched in the industry. Time and time again it 


contributes to a better finished product at lower cost 


NATIONAL =) STANDARD 


2 wire sfeniess Music spring and 6 o . 


WAGNER LITHO MACHINERY, Secaveous, MN. J; mele! Secorerng cqumme 


WORCESTER WIRE WORKS. Worcester, Mase 


ATHENIA STEEL. Cen, Hv ot ag? core 


ees REVYHOLOS WIFE, Dizon, 





Here’s a whole new family 
of fine GEARMOTORS 
by Cone-Drive Gears 





MOUNT THEM ANYWHERE— 
FLOOR, WALL, CEILING, OR 
HANG THEM ON A SHAFT... 


... there’s a Cone-Drive gearmotor for every need. Look at 
the extensive line of space-saving, power-packed models now 
available. No matter whether you're faced with floor, wall, 
ceiling, or shaft mounting at any angle, Cone-Drive Gears 
has a gearmotor for the job. 


It's the most versatile line available PLUS big power capacity 
in a really compact package. Double-enveloping worm gears, 
pioneered and proven by Cone-Drive Gears, are combined 
with a helical primary and extra-large taper roller bearings 
in a rugged finned housing to give you a power package 
without equal. You can select any model in any of 27 standard 
output speeds (7.3 to 525 rpm at 1750 rpm input) in capacities 
from | through 25 horsepower. 


Best of all, Cone-Drive gearmotors are priced right down with 
units that can't deliver nearly as much performance and versa- 
tility. Check your nearby Cone-Drive representative or write 
today for new Catalog 57 containing complete specifications. 


Cutaway view of typical 
Cone-Drive gearmotor illus- 
trates use of double-reduc- 
tion gear train for increased 
output power. Note also 
large taper roller bearings 
ang heavy-ribbed housing. 


@ 


= GEARS 


VIMO IMuCHMGaAW soot Comipe coi 




















i~ 
DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
7171 E. McNichols Roed + Detroit 12, Michigen 





New Parts and Materials - ae eo ; 
Product Improvement with 
one of 400 Presstite Sealants 


id Flaorocarbon Products, Inc div. 


U. S. Gasket Co., Camden 1, N. J 


>» 19, inside b ck 


Seal it tight with 
non-staining white... 


High-speed sampling switch . . 


min il 


n. General Devices. Inc.. P Box 253. Recommended where sealer may partially show . . . as in refrigerator appli 
Princeton, N. J cation above, where it is pumped between food liner and bottom breaker 


strip to prevent moisture and spillage from reaching insulation 


Presstite No. 422 Sealer: 

1. Ideal for sealing between rubber-glass, rubber-metal, wood-metal, 
or metal-plastics surfaces. 

Does not soften or stain plastic 

Has no contaminating odor nor delayed odor growth 

Will not support mildew. 

Remains permanently soft. 

Is non-corrosive, non-hygroscopic 

Will not stain enameled or painted surfaces 


Cold application makes it safe, neat, efficient 


Workable with knife or pump (beads as small as 1/16” diameter). 


FREE... working sample and data on request 


Miniature ac motor. . 
rated I it | D LD) 


A Division of AMERICAN-MARIETTA COMPANY 
(Continued on page 136) 3750 CHOUTEAU AVENUE, ST. LOUIS 10, MISSOURI 


crmanent-magnet m¢ 
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PROTECTS against 
overload, jams and 


down time. 


RESUMES THE DRIVE AUTO. 
MATICALLY after overload 


ELIMINATES SHEAR PINS and lost 


time. 


ADJUSTABLE - WHILE - RUNNING 


feature is available 


Hilliard Slip Clutches are continuously protecting the drive on dish washing 
machines—printing presses—packaging machines—case loaders—foundry equip- 
ment— air filters—conveyors—overhead doors—and many others. 

They maintain steady torque while permitting speed variation on fabric drying 


drums, steel strip slitters and similar equipment. 


The adjustable-while-running types are used to maintain constant tension on 
rewind stands for paper coaters, textile machines, rope, stee! and wire mills and 
for drive systems requiring overload protection but which must be disconnected 


at times. 
WRITE TODAY FOR BULLETIN 300 WITH COMPLETE INFORMATION 


@ OTHER HILLIARD CLUTCHES @ 
CONSIDER AUTOMATION - INVESTIGATE THESE PRODUCTS 


HILLIARD - TWIFLEX 
CENTRIFUGAL COUP. 


LING for smooth, 
starting of ~ load 
over-, 
load protection and 
ability to accommodate 
Rl tor Bulletin CE-2. 


SINGLE REVOLUTION OVER - RUNNING 
CLUTCHES for eute CLUTCHES for auto. 
matic accurate contrel Matic instantaneous en 
—electrical or mechams gagement and release 
cal—of intermittent on two speed drives 
motion, indexing, cy- : dual drives and ratchet, 
cling and cut-off. or backstop action. 

Ask for Bulletin 239. ; Ask for Bulletin 231. 


THE HILLIARD Corforation 


LEPLISEASLELAS EE RIP CR RP TES 
101 W. FOURTH ST ELMIRA, N. Y. 


IN CANADA: UPTON ¢ BRADEEN © JAMES, LTD. 


y 


Product Engineering November 


New Parts and Materials continued 


it on 250 vy, ¢ ind cp Cramer 
Controls Corp., Centerbrook, Conn. 


Circle 21, inside back cover 


Explosionproof 
pressure control . 


ilibrated ¢ provid 


irdous locations 


nade with an exter 
ind ilibrated = dial 
vith adjustabl 
md 500 psi and max p1 


diff 


tandard 
Suita for | I a 4 it 
ind a rated 15 amp, 1] va 
United Electric Controls Co., 79 School 
St., Watertown, Mass. 


Circle 22, inside back cover 
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Sectional terminal blocks 
] scembl ] J, 


ed n th ; 
ed ! ( 


ring or spade tet 

rer stud. Rated at 

ks are said to withstand 

r¢ of AIEE requirements 
Sections are 63/64-in. high x 1%-in. wid 

Huchanan Electrical Products Corp., 


Route 22, Hillside, N. J. 


Circle 23, inside back cover 


All-glass Y-type valve 

virtually impervious to corrosion. Made 
of tempered borosili slass, the 2-in 
valve is corrosion-resistat stands les 


than 1-ft high, measures 10 in. face-to-face, 
ind weighs 9 Jb, including mounting 


yracket. Working parts exposed to fluid 
glass or Teflon. Acidic fluids can be 


(Continued on page 138) 
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GRC DIE CASTING HELPS LIONEL ACHIEVE 
TINY PART AUTHENTICITY | - 


Tiny, intricate, too costly to make in their own plant, GRC’s 
specialized techniques made this toy crank economically possible 








New Gries Bulletin Explains How o - or GRC High Series Cap Nuts 
Movable Multiple Part Units are Ee. ae — Now Cataloged In Stock 
Cast-Assembled by INTERCAST Method | (= = | 


GRC Nylon and other Plastic Molded 
Parts Accurate and | Calor 


Un ql aut 


devel 


tion for ea 
tion movabl 
well as ont 
emblies such a 
in a new bulletiz <imur size for 
“intercast s ~ 

rhis patented itomatic, time-saving 
money-saving metho s i genious 
refinement of ‘ries’ exclusive method 
of small parts di sting iries’ tech 
nique of both zine alloy die casting and 
plastic molding *of tiny parts is well 
known and h proved of inestimable 
value in overcoming design limitations 
and Rano 





tion assures pre 
form quality 

Copies of the bulletin ar . lable po receipt o oluep! its r specific WORLDS FOREMOS? 
from Gries ions implies and factua illetir i PRODUCER OF SMALE 
OH CASTINGS 





dire y 
orp. in New Rocl 


GRIES REPRODUCER CORP. 
159 Beechwood Avenue, New Rochelle, N.Y. @ New Rochelle 3-8600 [Z eB 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di 

ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


Housing Diameter 


Bearing OD 


He 





Shoft Diometer 


rt 


FIG)! Bearing '0 





The achievement ot the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is 1 by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


representer 


12500 .1249 1248 
500 4 5 485 Shoft OD 


CC Bearing ID 
FIG.2 
An interference fit not tighter than 
line to line is suggested for the fol 
lowing reasons: 
Difficulty ma embly. 
Difficulty in disassembly. Thi 
is often more hazardous than 
the as embly 
may Tre sult in 


12485 12480 


operation ar d 

total bearing 

destruction. 

Reduction in radial play. 

Danger of bearing ring con- 
; 


forming to po ible poor ge- 


ometry of mating haft or 


housing. 


TOLERANCE DISTRIBUTION 


The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 
12500 .12495 


Shoft 


12490 2 


r- ee 


12485 
a [A | 
Bearing ID coe 


—_= 1 
12490 12485 





F1G.3 


If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and bores, however, no 
mality of the distribution curve car 
not be assumed. During the grinding 
operation, the “most metal tendency’ 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s ir 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 
1. The galling 
hardne and ductility of the 
naterials involved. 


characteristic 


Finish lay patterns 


Ou variou tool an 


produce 1 
niques used. 
RMS 


achieved 


irface fir } value 


Geometry of shafts and hous- 
ings as regards out-of j. 
ne , taper, etc. 

The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a great help in solv- 
ing p oblen Ss in de- 
Signing instruments 
or small electro-me- 
chanical assemblies. 
It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 


Write to: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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Can |! n ntecd ma I 
Corning Glass Works, Corning, N. Y 


Circle 24, inside back cover 








Universal shim-nuts 
az s 


1 lat \ 


1 rted lak i t 


William H. Snow Co., 1413 E. Franklin 
Ave., kk] Segundo, Calif 


Circle 25, inside back cover 


Bearing temperature 
indicator . 


failure 


rmocouple input 
gain amplifier, recti 
ircuit, differentiating 
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for mica helps solve rocket thermal insulation problems 
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New rormica laminated plastic thermo-insulator 
provides protection from hot launching gases 


I 
p 


OLIN MATHIESON’S SWITCH TO RUBATEX 
GAVE THEM $50 SAVINGS PER DAY 


“Our old dry ice rail cars, insulated with other low temperature 
insulations lost as much as 2% of net load per day. New cars 
insulated with Rubatex have an established daily loss of under HOFT 7IN Hi2 
I of 1%—a saving of salable dry ice at destination for every SFTIOW HI 
day under load of 850 compared with former insulation. This 
lower evaporation loss has been maintained because of the 
greatly decreased water pick-up of the Rubatex as insulation.” 
D. F. McCauley, Sales Engineer 


Olin Mathieson Chemical Corporation 
Baltimore, Maryland 


Rubatex Insulation Hardboard has met 
the exacting requirements of Olin 
Mathieson’s low temperature insulation 
specifications for ten years. Here’s an 
insulation, unlike other materials, 
which is completely self-supporting 
with an average load-bearing compres- 
sive strength of 60 Ibs. per square inch 
yet is surprisingly light in weight— 
only 4.5 Ibs. per cubic foot. In addition, 
Modern LRC type car, considered the largest and most efficient in the Rubatex has the low est heat condue- 
ndustr Built by Fruit Growers Express Co wny to the design oan * * . . 
ee ee eee ST ee ee ym ene tivity of any known structural material, 
under supervision of Olin Mathieson. Cars are metal lined, welded, - ‘ > ° 
backed up with TAG weed. Mo toad eonbers busied within the louie K-factor 0.21, and its closed cellular 
tion to support the ice; total load of 53 tons is carried by the Rubate structure cannot absorb moisture even 
Insulation itself. Back of the wood inner lining (in turn capped by ! 


at cul edges. 


galvanized metal) is solid Rubatex. Rubatex floor thickness« 


side wall 14°’; roof 8°’; car ends 12 Thicknesse 
ne 


Whether you design or specify insula- 
2 sheets of Rubatex 3 2 


tion for rail, truck, or trailer equip- 
ment—check the cost saving advantages 
of Rubatex in the over-all construction 
of the job—plus its longer and more 
positive efficiency compared to other 
insulating materials. 


Basically same car design, with modifications required 
by weight restrictions, is used in Olin Mathieson's dry ice 
delivery trucks and trailers. Using so-called ‘floating 
floor meaning no use of load members other than 
Rubatex Insulation itself —minimizes heat entry to what 


is considered to be lowest possible 


UBATEX DIVISION, Dept. P-9 R U =} & T Ee » 4 


; GREAT AMERICAN INDUSTRIES, INC. a een oe Seon, ma -l-a-neol-fen w-ne 
Bedford, Virginia 


For full details and sample of Rubotex 


space below, attach to your company letter 
heod and mail t $ 


| Insulation Hardboord—print your name in 


Send for Free Sample and full details 


Le: encbenavesdhG>anes aces aren 
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Seren CONTROLS 


CONSULT 


WATERMAN 


Waterman controls are known for their accu- 
racy, dependability, safety, and low mainte- 
nance cost. 


Adjustable Flow Regulators range from 0.5 GPM to 20 
GPM. They maintain a constant rate of flow regardless 
of resistance or pressure fluctuations. 


No. 1 Check Valves are one piece, Nylon Poppet, aluminum body and low 
pressure drop. 


No. 2 Micronic Line Filters have operating pressures to 3000 psi, 40 micron 
filtration, replaceable elements, and are available in %” and 34” NPT. 


No. 3 Solenoid Valves are inexpensive, com- 
pactly built units for hydraulic systems han- 
dling non-corrosive fluids. Capable of con- 
tinuous operation for working pressure to 


3000 psi. 


No. 4 Unloading Valves for 


pressures to 3000 psi. Flow 
rates to 30 GPM. Fast act 
ing, maintain desired pres 


sure without continuous re 
adjustments. 


Send for i F 
Bulletin E Write for data 


nN ye Tm on any of 
LU @ wii 
Wil i — i aie 


WATERMAN products 


“) "0 ea? i4e> ‘> At P tn 


> Lv. BS ~ A ote ES ae Om 


P . 
- 





WATERMAN ENGINEERING COMPANY 


725 CUSTER AVENUE EVANSTON, ILLINOIS 
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ae 
THE (SHAPE OF THINGS IW [7/77 


i = 


RUBBER GETS ON THE BALL VIA 
“APCOTITE” BONDING AND MOLDING TECHNIQUE 


APPLICATION | | as 
The rubber covered aluminum ball shown hon is op ton 

hydraulic accumulator of revolutionary desige, 

in a hy of a ball type piston are many. ae 

arose et no one point takes the wear, an 

and fr . 


-ontal position. 
ated in a horizon" 4 
jator to be oper in whic 
the mee larger than the ran system an 
Molded slightly ec wea a ft 





accum . 
England engine 


PR OBLEM 
pressure 
0 s 
sphere T° cystomer © 


all. ~. 
2 on coverind: 
pon 


ACUSHNET PROCESS COMPANY 


NEW BEDFORD. MASSACHUSETTS 
-« Precéston Molded RUBBER, SILICONES -“APCOTITE”’ BONDING 


Address all communications to 768 Belleville Ave., New Bedford, Mass. 
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New Parts and Materials continued 


network, a thyratron control circuit and a 


power supply. Lycoming Div., Avco Mfg. 
Corp., 550 S. Main St., Stratford, Conn. 


Circle 26, inside beck cover 


Temperature-indicating 
ribbon . 


encloses a resistance element of nickel 
alloy wire. Less than 0.020 in. thick, the 
flexible ribbon may be cemented to flat 
vlindrical or irregular surfaces. Self-adher 
ing ribbon is also available. Designed t 
operate over wide temperature rang 
high altitudes and under s 
onditions. Made 
sizes. Minco Products, Inc., 740 Washing 
ton Ave. N., Minneapolis 1. 


s, at 
physical 


' 
in several shapes and 


Circle 27, inside back cover 


Pushbutton switch . . . 

measures 0.250 in. dia, has over-all length 
of 0.615 in., with 0.315 in. behind the 
panel, mcluding soldering terminals. D« 
signed for use with 1/16-in. panels and 
requires a 3/16-in. hole for mounting 


Switch is SPST, momentary-contact, nor 


(Continued on page 146) 
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PYRAMIDING 
DESIGN 
TALENT 


Thin sections, holes, bosses, meto 
sovers, odd shapes all produced in a 
split second—from molten meta 

No other process can compete with 


with MADI ila eit 
= 
zinc 





When product designers send preliminary drawings for critical review by 
the seasoned Madison-Kipp mechanics, it has often proved to be the decisive 


factor in the ultimate design of the component parts. 


The original designer thoroughly understands the function of his product 
We thoroughly understand die casting and machining problems. ¢ ombining the 


two skills at an early period of development is logical and valuable 


Our customers of long standing always utilize this system which virtually 


pyramids design talent for successful high production manufacturing 


Please clip this ad as a reminder to contact us when you have die casting 


requirements. 


MADISON-KIPP CORPORATION 


206 WAUBESA STREET + MADISON 10, WIS., U.S.A, 


a [Z 


@ Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed 
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Uniformity of 4-WAY’s cross-sectional thickness eliminates the 
possil lity of deflection while bending, even at sharpe st angles 
Standard equipment can be used 


Punching, drilling 


ele is no proble m with 


or flame cutting holes for fasteners, foot pedals, 
1.WAY) 


Inland 4-WAY® Safety Plate 


Carried in stock by all leading steel distributors 


INLAND STEEL COMPANY 


38 South Dearborn Street « Chicago ;. Illinois 


Milwaukee « St. Paul « 


Ind anapol s © Detre 


Sales Ofices: Chicago * 


St. Louis * Kansas City 


Davenport 
Vew York 


nt? 


tough fabricating 

job on fire engine 
» proves 4-WAY’S 

versatility 


Fabrication to form even the varied and complex 
shapes used on firefighting equipment is no prob- 
lem with 4-W AY Safety Plates. No special tooling 
is necessary. Ordinary cutting, drilling, forming 
and similar standard shop equipment is all that’s 
needed. Good reason why this leading chassis and 
body manufacturer has specified Inland 4-WAY 
for more than 1-WAY is used in an 


uncommonly wide variety of ordinary and extra- 


15 years! 


ordinary applications. For complete information 
and specifications, write Dick Prendergast, 
Room 1262 at the address below. 


’ er oe 
PITTI TIT: 
i pssst sts’ 


Whether the application calls for welding, bolting, or screw fasten- 


ing, all are easily accom] ished on i H i) with conventional methods 


Notice how cleanly the plates for this floorboard are joined. 1.WAY 
can be sheared to extremely close tolerances eliminating all guesswork 


and make-overs 
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BOOSTS WORK OUTPUT 38.5%! 


Full speed power up to 93% of relief setting 
is now possible with this new Webster 
pilot operated relief valve. Result: 38.5% 
work bonus over “brute-force” type valves! 
More, you get all the benefits of clog-free 
x os — le of performance, quieter operation...lower price. 
many benefits and applic~- Mighty sound reasons for specifying Webster’s 


tions — help i ? 
ing it Pe ge — poudust pilot operated relief valve now. 


WEBSTER ELECTRIC 


MELROSE 3-S6It 
DAs] RACINE -wis 


Typical performance curve shows minimum pressure drop and — Have THE MAN 
. Stes arcs 4 zs contact use 
instantaneous response of Webster pilot operated relief valve WEBSTER te 


” ” Ple end the f 
over “brute-force” type. 38.5% work bonus! See con ‘ 
Bulletin HSA? 


G TYPICAL WEBSTER RELIEF VALVE sep Soeur § 


valve 





pumps, valves and f 


t f Complete hydraul 
WORK 108 ye 
| inf rmati _ 


TYPICAL “BRUTE-FORCE’ VALVE — omnes 
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New Parts and Materials continued 


I Gravhill, Inc., 561 Hill 
grove Ave., La Grange, Il. 


Circle 28, inside beck cove 


ne \@: 

extruded 
HARD 

RUBBER 





Serer eeeeeeeeee |. 
aan oCee rere reurrrene 
. 





FLASHING CIRCUIT 


Heavy- -duty Rasher 
Looks complicated, but this connector strip was actu- ng life with loa 
ally produced by a few simple machining operations r 32 v de. Combine 
on standard Ace hard rubber rod. The design engineers ind a magnetic rel 
chose an Ace compound that not only has excellent na circu 
strength (up to 10,000 psi), excellent surface resist- handled by the magn 
ance and top insulating properties, but also is free- relays govern on and 
machining. A few high-speed milling and drilling op- ng cycle. Compensatec 
erations, then soften by heating, press in the metal eratures  fr¢ } 
inserts, assemble the contacts with screws, and the 
job’s done. An amazing variety of shapes and com- 
pounds of Ace Hard Rubber are possible, even ex- 
truded directly over metal rods or tubes. Stir your 
imagination? Write for more facts today. 


n and for 


lo a per min G-\ Contech Inc., Hollywood 
Plaza, East Orange, N. J. 
Machining from rod or tube 


Circle 29, inside back cover 
“= Punching from sheet 


Molding is economical ... 
Even with complicated inserts. ; 
(‘a)) 7 High-torque differential 
SS wey 


has double pinion hollow-shaft 


n \GMA pr ision Class II g 


YA : d in conjunction wit! 
wings. Backlash at m 


~_ 


ACE rubber and plastic products 


r. AMERICAN HARD RUBBER COMPANY sce eh Riots acai lie aiaditilli te te 


‘ DIVISION OF AMERACE CORPORATION 
a e_ve ACE ROAD BUTLER, NEW JERSEY (Continued on page 150) 





f torque input. Installation in confined 
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PE-11 


Aeroquip Corporation, Jackson, Michigan 
Ow 0 Please send me 
Combination of Aeroquip Catalog No. 201 plus “Guide for 
Routing and Installation of Aeroquip Flexible Hose Assemblies”. 


ie : 6 * 1D “Guide for Routing and Installation of Aeroquip Flexible Hose 
Assemblies” 


| 
| 
| 
| 
Title | 
| 
| 
| 
l 
| 
| 


System Design [iam 


Stote 


FUEL, Oll, WATER, HYDRAULIC LINES— Single 
Wire Braid 1503 and 
1502 Hose for medium 


HIGH PRESSURE LINES— Double Wire Braid 1509 
Hose for high pressure 
hydraulic, grease, crude 


pressure hydraulic, woter, 
hot oil, crude and fvel oil, 
onti-freeze, gasoline, die- 
sel fuel and air lines. In 
sizes from a" to 22"; 
pressures up to 3000 psi.; 


and fuel oil, gasoline and 
air lines. in sizes from Va 
to 2"; pressures up to 
5000 psi., depending on 
size; temperature range 
—40°F. to +200'F. 


1509 


AE 


temperatures from — 40 F. 
to +250°F. Also available: 
2651 Rubber Cover Hose. 





HIGH TEMPERATURE LINES— 2802 Hose (Teflon) 
and Reusable “super 
gem” Fittings for fluid 
air lines on all applications. systems subject to high 
” al In sizes from %" to %"; temperature and corrosive reerreerecerece 
for pressures up to 250 fluids. Hose and fittings a 
AEROQUIP 2556 psi., temperature range con be assembled with pola sta Il i 
—40°F. to +250°F. ordinary hand tools. In 
SOCKETLESS Fittings in sizes from 4" to 1”; for 
male pipe, S.A.E., J.C. pressures up to 1500 psi.; 
threads. (Patent applied temperature range —100 
for.) F. to +500° F. 


LOW PRESSURE LINES— Aeroquip 2556 Hose and 
SOCKETLESS Fittings for 
low pressure oil, fuel and 











SELF-SEALING COUPLINGS—Type 5100 (wing union nut) and 
Type 5110 (hex union nut) allow quick connection and dis 
connection of fuel, oil, hydraulic and air lines, replaces two 
shut-off valves. There is no loss of fluid or inclusion of air into 
the system on connection and disconnection of fully pressurized 
lines. In O.D. tube sizes from ‘2 to 12"; for pressures up to 
2000 psi.; temperature range —40° F. to +-250° F 











SOCKETLESS ond “super gene” ore Aeroquip | 


\eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


INDUSTRIAL DIVISION, VAN WERT, OHIO © WESTERN DIVISION, BURBANK, CALIFORNIA 


AEROQUIP (CANADA) LTD., TORONTO 10, ONTARIO 
LOCAL REPRESENTATIVES IN PRINCIPAL CITIES IN U.S.A. AND ABROAD ¢ AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre; 


Shop Talk 


TAYLOR 


FIBRE CO. 


Plants in Norristown, Pa. and La Verne, Calif 


PHENOL IC— MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 


Indexing cams to position bottles under filling 
machines are made of Taylor Grade CEF phenolic 
laminate replacing metal cams, they save 


money by reducing bottle breakage, avoiding rust. 


Gas pump impeller unit is fabri:ated of Taylor 
Grade LE-6 phenolic laminate . economical, 
light-weight, wear-resistant chosen because of 


strength, stability 


‘Sel 


— 


Automobile clock is securely and economically 
mounted on inside surface of metal dashboard, 
with a spacer fabricated from Taylor vulcanized 
fibre. 


Aircraft landing gear bearings are fabricated 
of Taylor Grade LE-6 cotton base phenolic 
larninate to meet requirements of dimensional sta- 
bility, wear resistance and low moisture absorption. 





TAYLOR'S NEW 
COPPER-CLAD LAMINATE 


Cu-246 


...is now available for your vol- 
ume production of printed cir- 
cuits. High purity rolled copper 
surface is adaptable for all 
circuit production methods 
Cu-246 is produced in all stand- 
in thicknesses 
from .020” to .250". 


ard sheet sizes.. 











Special purpose gear is fabricated of Taylor Grade CEF phenolic laminate 


for Hadley Gear Mfg. Co. Taylor punches the gear blank to an I.D 


tolerance of + .001"... 


material was salacted for its excellent punch 


ability, good machineability, moisture resistance and impact strength 


Taylor delivers precision parts 


... geared to your 


The inside diameter of this gear 
blank was punched to a tolerance 
of + .001” by Taylor’s Fabrica- 
tion Division—an example of the 
close tolerances which Taylor can 
meet. Taylor has special tech- 
niques and facilities for handling 
this type of work—acquired 
through years of experience in 
fabricating all kinds of laminates. 


Taylor Grade CEF phenolic lam- 
inate was selected as the material 
for the gear blank—to take ad- 
vantage of this laminate’s excellent 
punchability and machineability 
as well as its moisture resistance 
and impact strength. 


Product Engineering — 


production schedule 


You can put Taylor’s facilities 
and techniques to work improving 
your product. Taylor can deliver 
precision parts, such as this gear 
blank, fabricated to your most 
exacting specifications . . . geared 


to meet your production schedule. 


When you have a problem of ma- 
terial selection or close-tolerance 
fabrication, or product design, 
check with Taylor. Chances are 
that Taylor’s staff of home and 
field office specialists can help you 
in any or all of these essentials to 
a good product. Call or write your 
nearest Taylor sales office for a 


discussion of your requirements. 


1957 


November 25, 














Make oopod products better 


4 


with stainless steels ee 


Stainless is a metal of lifetime beauty. But it’s a Crucible is one of the nation’s largest producers 
lot more, too. And customers know it. They like of stainless and other special steels. Deliveries aré 
its ease of cleaning, solid sturdiness, and practical prompt and dependable, in the widest assortment 
utility. And they know that stainless products can't of grades, sizes and finishes. And Crucible stainless 
chip or peel ... won't rust or discolor with use. specialists are ready to help with suggestions con- 

And to the designer and shop man, stainless pre- cerning selection or fabrication. Crucible Steel 
sents no limitations or problems. It can easily be Company of America, The Oliver Building, Mellon 


formed to complex shapes by usual shop methods. Oquare, Pittsburgh 22, Pa. 


IC R U C I B LE} first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor—Railway & Power Engineering Corp., Ltd. 








Product Engineering November 





Single, Double or Triple Plate Fem 
CLUTCHES 


Spring Loaded 


Automotive 
Spring Loaded 


Heavy Duty 
Spring Loaded 


Multiple Disc 


Heavy Duty 
Over Center 


Control POWER Better ..'“.. 


The Over-Center, Spring-Loaded clutch shown above—when 
used in farm tractor LIVE POWER TAKE-OFFS—enables the 
harvesting unit to be controlled independently of tractor propul- 


sion. It is used in various other ways and in other industries. 
And it is but one of many types and sizes of ROCKFORD friction 
CLUTCHES that have been designed and built to meet specific 
needs. If you have a special power control or power trans- 
mission problem, ROCKFORD clutch engineers will be glad to 
help you solve it. 


ean SEND FOR THIS HANDY BULLETIN 
| pocKFORD > ° ° . 
events my Shows typical installations of ROCKFORD 
"a Ma ~=CLUTCHES and POWER TAKE-OFFS. Contains 
TAME-OFFS diagrams of unique applications. Furnishes 
Ma capacity tables, dimensions and complete 
Bs specifications. 


ROCKFORD Clutch Division BORG-WARNER 


209 Catherine St., Rockford, Ill., U.S.A. 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, tl. 


GGO00C0CG6 


ENCINEERING 


PRODUCTION 


continued 


sible because of the hollow shaft 
vhich accommodates “%-in. and 
hafting. Interchangeable end gears 
ivailable in wide tooth ranges for 48, 64 

and 120 diametral pitch. Reeves 'n 
strument Corp., 207 E. 91 St., New York 
28. 

Circle 30, inside back cover 


Explosionproof, 
circuit breaker 


ilso. weather-resi 


1] 1 


iwailable for breaker fram 

amp, 250-v ac max to 225-amp 

max These airbreak type units are 

ible for Class I, Group D (NEMA type 


VII); Class I], Grouns E, F and G; Class 


Ill (NEMA types IX, V, IIL) hazardo 
location Encl ferrot 

mium-plated throughout Ha sing 
hinged front cover Pyle-National (€ 


1334 N. Kostner Ave., Chicago 51. 


alloy 


Circle 31, inside back cover 


Chain oiler 

sutomatically applies a film of 

mounted at any convenient 
gravity trom th 


tors either manually 


(Continued on page 154) 
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Lock Washers 





e fey © 
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Shakeproof Lock Washers assure maximum vibration protection for your product 
Exclusive tapered-twisted teeth resist loosening «Assure maximum locking 
engagement »Form positive brace against rotation .Resist shock 


Available in nearly 500 job-tailored styles and wide size range. 


Send. for Shakeptoof Lock Washer Sample Kit 


SHAKEPROOF 


DIVISIOn OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin Illinois « Offices in Principal Cities 
in Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 


Coring Too Intricate For Die Casting? 


peta Parker 


PARKER SALES ENGINEERS Because ntricate coring—together with internal 


bosses ind casting seemed to be the only way to make 
BELLEFONTE, Penna 


} } 


Warren G. Olson © 420 East Linn Street this part. Necessary finish machining, however, boosted 


CHICAGO 49, Ill costs too high 


Ollie J. Berger Company @ 2 st 72 Stree Then Parker die casting engineers tackled the job— 


CINCINNATI 14, Ohio and licked the coring problem. The result: a part with 


William H. Broxterman @ 2430 Centra! Parkway 


greater density, closer tolerances, better surface finish, no 
DETROIT 35, Mich finish machining 


Hodgson-Geisler Co. @ 18917 James Couzens 


and—best of al 1uch lower cost per unit 


Here is just another exa - the way Parker- 


GIRARD, Penna. engineered die castings save you 


Danie! F Marsh @ 35 Chestnut Street 
neem Gtiaie tn diitetn Parker has been a leader in die casting for over 50 
R. W. Fletcher @ 2803 Loomis Avenve years—an old hand with new idea This skill and ex- 
PHOENIX, Asizone perience can solve problems—and save money—on your 
Fred B. Larsen @ 6108 North 11 Avenue component parts. Just call the nearest Parker sales et 


ii 
ST. LOUIS 8, Mo gineer or send your prints to the factory direct 
Fronk Moy @ 4378 Lindell 8 


SYRACUSE, N. Y. Parker White Metal Company ¢ 2153 McKinley Ave., Erie, Pennsylvania 


J. C. Palmer @ 712 Stote Tower Bidg 


WILTON, Conn. 
Girard L. Palmer @ Belden Hill Road 


WINTER PARK, Florida high pressure 


oe ALUMINUM and ZINC 
PA 4 4 E 4 die castings 
POWDERED METAL PARTS 


Box 26 
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Plan your gear buying 
with “the book” 


Youll be 
days... 


and dollars 
ahead 


The Boston Gear Catalog No. 56 
is “the book” in constant use 
by men who specify and buy 
gears and other transmission 
parts, — for good reasons. They 
know it lists over 2000 types 
and sizes of standardized stock 
gears. They know that Boston 
Gears are top-rated for precision 
and performance. And they 
know, also, they can get 


PROMPT DELIVERY 
OFF-THE-SHELF — 
FROM LOCAL 
DISTRIBUTORS — 

AT FACTORY PRICES 


Why pay more (and wait) for 
“specials” when you can get 
Boston Gears FROM STOCK, 
nearby, to meet any specifica- 
tion? Be cost-wise . . . STAND- 
ARDIZE. Get your copy of Cata- 
log No. 56. You'll be days and 
dollars ahead on any transmis- 
sion job. Boston Gear Works, 
71 Hayward Street, Quincy 71, 
Massachusetts. 


CALL YOUR sore ca 
‘Yellow Poses’! TRANSMISSION PRODUCTS 


Sn) 


f . Dm gam & >) PP PR 
DISTRIBUTOR Qo (Ss we RUM 
< a Ss & 


Stock Gears * Sprockets and Chain * Speed Reducers * Bearings * Couplings 
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New Parts and Materials ‘ 


Heyco Nylon 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 
your housing... 
no need for grommets, 


wire knots or costly 
labor. 


ift 


N vali 
ter the 
rg Manifolds a 


ted 


ait 


ght amount 


wanabl 
) that 


needed for as mam 


vithstand te 





trimmed te 


uo Pyrex lass O 


Meg. Co., 


waukee 12 


2948 N 


Fuse 





Circle 32 











ABSORBS PULL 


as — Ys 
ABSORBS TWIST 


Send for samples io fit your wire, today! 

















HEYMAN 
MANUFACTURING COMPANY 
KENILWORTH 3, NEW JERSEY 
Machin 


ill n in 
Ill 


ay 


il 
lwo t 


1 model 1 


when 


«VU all 


HEY MAN! 
..- SAY HEYMAN 


250 y 


(Con 


e tool switch... 


aaa ee 
ETE CGA Oe 
Wheels - Axles - Spindles 


ontinued 





DIVIDED WHEELS 


Generally used 
os dolly, tail 
or caster 
wheels 


FOR TRUCK TIRES 


Full drop center 
rim to utilize used 
truck tires on 


larger implements 


PLANTER WHEELS 


Steel rim 
or for use with 
_ planter rubber 
' tires. 


mperatur 
ih} 


Wy 


Trico 


Mil 


nd 


Sth St., 


SIX BOLT SERIES 


Light and heavy 
inside back cove — widest range of 
a 


vse 


Four bolt series for 
Te a 














Hub and bearing combinations available. 
Stub spindles and full length oxies. 


L= || 


\=op 
Ma 2 inginee 4 YP re 
Yow - nquwes 
ELECTRIC WHEEL COMPANY 


TIRE & RUBBER MPANY 


: 








act 


1p 125 42> a 
I 
Meets all NEMA 


i 
tinued on page 156) 


DIV N HE FIRESTONE 


2805 SPRUCE - QUINCY, ILLINOIS 





You can draw 
and form them 


LITTLE 


with the new A-L low-nickel STAINLESS GRADES 


In the top 


WRITE FOR THE 
ASSISTANCE 
YOU NEED 


1. “TECHNICAL STUDIES #3” 


. essential information on 
the composition, properties, 
fabricating methods and appli- 
cations of AL chromium-man 
ganese, low-nickel stainless 
steels. Write for your copy. 


2. TEST SAMPLES 


. We'll be glad to supply 
engineering assistance, and ac- 
tual samples of these 200-Series 
steels for testing under 
processes and conditions. 


your 


ADDRESS DEPT. PE-95 


Product Engineering 
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photograph, the fabrications 


you see are a mixing bowl, 


base, a lock case 
tastener: all made of A-L Type 201 or 202 
chrome- 


low-nickel stainless 


The finish is good, the 


manganese 
steel handled the 
same in the presses as Types 301 or 302, 
and similar drawing, bufhng and polish- 
ing procedures were followed 

As in the lower illustration, the chrome- 
manganese low-nickel grades are 
also for fabrications as large 
trailers and railroad 


Deing 
used as truck 
coaches. Again 


forming qualities and weldability present 


a tea-kertle 
and a patented shoe 


no probler 


Satisfactory 


you 
ences 
stainless 
advantage 
factor of! 


tumes of 


ther i//eg theny Riedie 
Steel Corporation Olives 


Building, 
Pittsburgh 22, Pa. 


For Stainless Steel in ALL Forms—call 


Allegheny [udlum 


Warehouse stocks carried by oll Ryerson Steel plants 


5. 195 


~ 





No. 25 Actual Size 
Pitch 1/4” Width 1/8 


USE ACME CHAIN 
a FOR EVERY 
SEs POWER TRANSMISSION 
pisch'3 8” Width 3/16 REQUIREMENT: 
driving-conveying:-timing 


Acme Chains are efficient, economical 
and positive for power transmission. 
They are readily adaptable to any drive 
when maximum efficiency is essential. 
Correct principles of design provide 
operating characteristics superior to 
any other method of power transmis- 
sion. Replacement parts always readily 
available from stock. 

Your inquiry will place a skilled 
Acme engineer at work on your power 
transmission problems. 


No. 41 Actual Size 
Pitch 1/2” Width 1/4 


No. 40 Actual Size 
Pitch 1/2” Width 5/16 


CONVEYOR CHAIN 
STANDARD and 
OVERSIZE 

ROLLERS 


No. 50 Actual Size Pitch 5/8” Width 3/8” 


Acme Chain is ob- 
tainable 


Complete line of stock bore 
steel and cast iron single 
sprockets, cast iron hub 
sprockets and al! steel split 
or solid hub sprockets 
available 


FREE CATALOG 


Write Dept. 1-R for your 
80 page copy of Acme’s 
latest catalog. Packed 
with valuable data, 


ROLLER CHAIN 
SINGLE and MULTIPLE STRAND 


E 


for Service 


HOLYOKE 
MASSACHUSETTS 


N continued 


sew Parts and Materials 

I yI¢ t Acro Div., Robert 
shaw-Fulton Controls Co., Columbus 16 
Ohio 


Circle 33, inside back cover 


Boards and 
standardized bases 


rattin } 


ad nt i i 
Anco Wood Specialties, Inc., 71-05 
80th St., Glendale 27, N. ¥ 


Circle 34, inside 


In-plant data handling . . 
is possible with this analog-to-dig 


(Continued on page 159) 
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WELDED STEEL MACHINE BASE 


costs less...is more rigid 


ARTER GRINDING MACHINE 
COMPANY finds Welded Steel 
the economical answer to 
vibration in machine tools 


The superior properties of steel have been employed 
by the Arter Grinding Machine Company of Worcester, 
Massachusetts, to achieve a more rigid, vibration-free 
machine at less cost. 


The Arter engineering department emphasizes the 
advantages of weldments in the following statement: 


“Experience gained makes it possible to design a 
welded base of ample strength and rigidity to 
absorb vibrations and prevent the slightest dis- 
tortion in lifting or moving a machine onto its 
foundation. Should a weak spot show up, it is a 
comparatively simple matter to weld in reinforc- 
ing gussets. Such a condition in a Casting, on 
the other hand, becomes a more difficult matter 
to correct.” 


Arter Grinding Machine Because steel is more rigid and stronger than gray 

Company has been using welded bases for ten years. This iron, less material is required to duplicate the strength 
is a rotary surface grinder whose base and column were de- of a casting. This economy of material combined with 
signed as a weldment to obtain rigidity with minimum weight versatility—the ability to reinforce where necessary— 
prov idesa stronger, more rigid, vibration-free machine 


at less cost. 





DESIGN HELPS FOR DESIGN ENGINEERS 


“Procedure Handbook of Arc Welding De- 
sign and Practice” 11th Edition. 1300 pages 
with latest procedures. Fully illustrated. In- 
cludes 240 page section giving latest devel- 
opments in machine design. Price $3.00 TA 7 VZZ W = 7A 
postpaid in U.S.A. $3.50 elsewhere. — i a. oo 


Drawing of cross section of part 
of the base of the above machine. 


Seminars in use of Welded Steel in Machine 
Design for design engineers. Conducted reg- 
ularly at Lincoln plant in Cleveland 

“Machine Design Sheets”, with helpful 
ideas in applying welded steel, are free. 


SHAT EATIIIIA 


Write us for details 











THE LINCOLN ELECTRIC COMPANY 
DEPT. 1325 + CLEVELAND 17, OHIO 
The World’s Largest Manufacturer of Arc Welding Equipment 


z : . | WHY 


steel is 2 3 times the costs % as much AREN'T YOUR MACHINES 
times more rigid strength of iron - per pound DESIGNED FOR WELDED STEEL? 
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MEMO T0 ENGINEERS— 


o- 


Simplify 
your 
designs 

with — 





---@liminate costly shoulders 


«»-groove smalier shafts 
and housings 


Re quest 
Catalogs 
Today — 

or ‘ask a NATIONAL 


Sales Engineer to 
give ens te facts mits the use of smaller shafts and housings saves machining 


Installing NATIONAL Retaining Rings in simple grooves per- 


on your particular c and material wasted when larger shafts are cut down to make 
design application ! ' shoulders. Thousands of performance-proven applications include 
at your convenience heavy machinery, engines, drill presses, tools, toys products of 
metal, plastics and wood. Simplify the design of your products by 
utilizing the high efficiency of these easily installed NATIONAL 
Retaining Rings. Save weight, space, material, production and 
assembly time! 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY MILWAUKEE 2, WISCONSIN 
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New Parts and Materials continued 
used as input information. Data are con- 
verted to digital form and made available 
as a direct-reading, in-line numerical, three- 
digit indication as a number printed se 
quentially on paper tape or in punched 
tape form. Accuracy is +0.1% of full 
scale. Smaller units are completely port- 
able and may be _ hand-carried; larger 
equipment mounts on rubber-tired wheels 
for roll-around use. Systron Corp., 2055 
Concord Blvd., Concord, Calif. 


Circle 35, inside back cover 


Transistor-equipped relay . 

requires 2 microw of power. Can be used 
in many applications with magnetic am 
plifiers 
relays can pick up as low as 20 microamp 
at 100 milliv. Contact combination is 
from SPST through 4PDT. Contact ca- 
pacity is 1 amp, inductive, or 3 amp, re 
sistive, at 115 v ac or 29 v de. Coil 
Contacts 
may be of various metals. Relays are avail 


Designed for de applications, the 


resistance is up to 30,000 ohm 


able open or with hermetically sealed dust 
cover. General Automatic Corp., 12 Carl- 
ton Ave., Mountain View, N. J. 


Circle 36, inside back cover 


Right-angle gear motors 

are shaft-mounted to eliminate intermedi 
ate transmission elements. Available in % 
through 5 hp. Made of aluminum, the 


(Continued on page 160) 
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DUAL ACCEPTANCE 


BS 
Pe! ee 


*PERM-A-CLOR is the registered trademark ot 


CHEMICAL INDUSTRIES, INC. 





oe 


a/ 


BOX 501, DETROIT 32, MICHIGAN 





New Parts and Materials continued 


‘ gear motor is built for continuous duty 
in e 4ce and meets AGMA specifications. The m¢ 
tor is especially suitable for light machin 
OF PRODUCTION TECHNOLOGY ery or use in small areas. Sterling Electric 
Motors, Inc., 5401 Telegraph Rd., Los 

Angeles 22. 


Circle 37, inside back cover 


ee 


Alumiaum instrument knobs . . . 
ire standard for “-in. and %-in. shaft 

s with a variety of sizes skirted or un 
kirted. ‘Twelve colors at ftered. Special 
markings are available on the knob 
Vemaline Products Co., P.O. Box 222, 
Hawthorne, N. J 


Circle 38, inside back cover 


~ | . 
marcese, Sterling Electric 
POWER DRIVES 


Electric Power Drive Systems are 
important factors in determining 
the productivity and flexibility of 
“a any manufacturing process. To 
help you successfully compete 


with the trend toward mechani- a 
. . . r v 
zation and automation, Sterling ed 
. alternator .. . 
offers a wide range of power nM pag ape ee ey eee 
transmission equipment—vari- 
a 


other inert insulation ised to make the 
able speed or constant speed— alternator suitable for temperatures beyond 
STERLING CONSTANT . ; Ot Ee, ie ais cen ileal call ume 
NORMAL SPEED MOTORS with manual or automatic Slip rings are eliminated and 1 


hine is tly explosionpros otor 
controls. These products, plus one Se Siena exgeeiongneys. Het 


. , . ° . peed is limited on I igal stresse 
"\ Sterling’s Application Engineer- in the solid. metal rotor, and by bearing 
ing Service, give your machinery lubrication. Rectifiers for excitation unit 
the type of drive system that as- ire included in the altenator package 
sures versatility and maximum rather than in separate box. Pi 
RRR 


| resent range 


yr productivity at lowest cost. is from 0.5 to 125 kva, but larger require 


spe aapucens ; ments may be met. Suitable for air or 
: - ground applications Purbo-Machinery 


Write today for Bulletin a<Y “§ Div., Aerojet-General Corp., Azusa, Calif. 
No. 185. Discover the : f Circle 39, insidt back cover 
big advantages Sterling 
Electric Power Drives 


, . 3 ? " . . 
‘( can bring to your plant. al Explosion-proof switches . . . 
aril easel have double conduit 


openings and re 
duce many installation costs that require 


through-wiring UL-approved for haz 
TE RLING ardous atmospheres of Class 1, Group C 
ELECTRIC MOTORS and D; Class Il, Group E, F and G 
All switches have adjustable roller-arm 
Los Angeles 22 - Chicage 35 + Cincinnati 37 - New Yerk 51 


actuators with nonsparking rollers. Alu 


(Continued on page 162) 
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Built to “FOLLOW THROUGH” 
under high shock loads 


Every feature of the Torrington Cam Follower is designed to insure 
efficient performance and long service life under heavy rolling and 
shock loads in cam or track follower service. 

Precision made throughout, Torrington Cam Followers are avail- 
able in sizes from 42” to 244” OD. Special surface finishes such as 
chrome and cadmium plate or oxide black can be provided. 

Our engineering staff will be glad to work with you in applying 
these reliable units to your cam-controlled or track-type equipment. 
You can depend on Torrington Cam Followers to “follow through” 
on the job because every element is designed for ultimate capacity. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL 


November 
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Performance features 
of TORRINGTON 
CAM FOLLOWERS 


cated at 

end or through 

ss hole in stud. Ends 

accommodate standard 

jrive grease fittings or 
plug seals 


Fullcomplement of 
small diameter roliers 
for maximum radial ca- 
pacity and efficient 
anti-friction perform- 


ance. 


Races precision ground 
for even load distribu- 
tion and uniform low 
end play. 








¢ BALL + NEEDLE ROLLERS - 


THRUST 


161 





NEW DEVELOPMENT FROM 


162 


a combination eel 


Temperature Control 


and Switch 
with FIXED SETTING 


Especially suited for use ir restaurant coffee warmers, egg washers, 
heaters for livestock water tanks and many other applications 
where an economically priced control for maintaining a fixed 
temperature is required. This new “EU” Control, made of stainless 
steel for durable service, is permanently calibrated for any 
required temperature specified. For example, it may be slightly 
over 100°F for milk warming equipment, or 375°F for use in 

deep fat fryers, or even higher for commercial or laboratory 
equipment. Its compact design—dimensions 

are approximately 114” diameter, 244” high— 

permits its use in standard coils or elements. 





For complete data 
write Department 
41-1-EU2. 


. CONTROLS COMPANY 
Contes 


ROBERTSHAW THERMOSTAT DIVISION + Youngwood, Pennsylvania 
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New Parts and Materials continued 


minum alloy housing, with room for wir 
ing through both conduit openings, can 
be supplied for use with either 4-in. or 
}-in.-dia conduit. Available in SPST and 
DPDT contact arrangements, different- 
size conduit openings, and a wide range 
of electrical ratings. Micro Switch, Div. 
of Minneapolis-Honeywell Regulator Co., 
Freeport, Ill. 


Circle 40, inside back cover 


Portable potentiometer 
has interchangeable _ scales Measures 
temperatures from —200 to 600 F. Ordi 
nary thermocouples are used. Will measure 
voltages from 0 to 21 milliv. Scales cali 
brated in centrigrade are also available 
Equipment includes three aluminum disk 
scales for temperatures and one for milli- 
volts, which are read directly without 
using charts, graphs or conversion tables 
Has mercury-battery power supply and 
two-way scale drive with crank for rapid 
traverse and vernier knob for fine adjust- 
ments. Dimensions are 12% x9x8™% in 
Weight is about 14 lb. Technique Asso- 
ciates, P.O. Box 91, Indianapolis 6, Ind. 


Circle 41, inside back cover 


Electrical-electronic 

symbols template 

is made of 0.040 mathematical quality 
plastic, designed for 0.2000-in. grid paper 
Milled with bevel cut to facilitate drawing 
of latest symbols required by government 
for electrical components. Over-all size is 
7x4 in.; price $4. Rapidesign, Inc., P.O. 
Box 429, Burbank, Calif. 


Circle 42, inside back cover 
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Breaking fabrication 
barriers in new materials 


with cold 
forging! 


Magnesium, Most « panies an 
Oxygen-free engineering personn 
Copper, ire well acquainte 
Zirconium, with Hunter Dougla 
High Strength ictivities in the field 
Aluminum Alloys = of cold forging alu 
num and alumin i! 
alloys. Not so well known are « 
in the production of magne 
oxygen-free copper components by 
same process. Recently, as the result of 
a concentrated Hunter Douglas research 
program, tubular zirconium was suc- 
cessfully cold forged an achievement 
whic h now opens the door to the fabri- 
cation of other rare and costly metals 
by our cold forging techniques 
The field of cold forging is constant] 
expanding with many new successes 
destined for the future rare metals 
Where stakes are high an ing developmen 


first” assures a competitive advantage specific hig] 


iti 


Hunter Douglas s Aluminum 


Division of BRIDGEPORT BRASS COMPANY 


Dept.PE-11, Riverside, California Telephone OVeriand 3-303 
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9 Pistons 
10 Piston rings 
11 Rocker arm 


Parts treated with wear-resistant 12 Camshaft 


Parco Lubrite: 13 


1 
2 
3 
4 
5 
6 
7 
8 


Rocker arm shaft 


Automatic gear shift parts 14 Fan pulleys 

Power steering pump rotor 15 Camshaft eccentric 
Dip sticks 16 Ball joint suspension housing 
Valve guides 17 Oil pump cover 
Valve stems 18 Oil pump drive gear 
Distributor gear 19 Rearaxlepinionand ring gear 
Valve tappets 20 Differential pin 
Cylinder liners 21 Wheel bearing races 


The automotive industry shows how to 
save money by using Parco Lubrite 


Wearing surfaces—the vital parts that move 
or roll or slide against each other—can cost the 
manufacturer far more than their original 
price. 

If one of them fails prematurely in use, 
because of improper break-in, there’s the cost 
of replacement, the field service charge, and 
the customer’s ill-will to be reckoned with. 

To promote smooth, safe initial operation, 
to prevent galling, scoring and welding, and to 
lengthen subsequent life, friction parts should 
be treated with Parco Lubrite. 

This nonmetallic, oil-holding coating elimi- 
nates metal-to-metal contact during wearing- 


in, keeps a film of lubricant between bearing 
surfaces, provides priceless protection for frac- 
tions of pennies. 

Automobile manufacturers have cut field 
service costs by the use of Parco Lubrite. How 
about your product? Let the Parker technical 
representative investigate for savings! 


DETAILED TECHNICAL INFORMATION 
Technical bulletin, with 
photomicrographs and data, on Parco 
Lubrite wear-resistant coatings. 


Send for it. It’s free. 


RUST PROOF COMPANY 
2179 E. MILWAUKEE, DETROIT 11, MICHIGAN 


BONDERITE 
Corrosion resistant 
paint base 


aids in cold forming rust resistant 


of metals 


BONDERITE and BONDERLUBE PARCO COMPOUND 


PARCO LUBRITE 
wear resistant for friction 
surfaces 


*Bonderite, Bonderlube, Parco, Parco Lubrite, Parker Pre-Namel—Reg. U.S. Pat. OF. 
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paints since 1883 
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announces 


a comp etely new line 
of fractional-HP 


right angle shaft type 


GEARMOTORS 


New, “Smaller and Better” 48 and 56 Frame Century Motors 


Weight reductions up to 1/3 Tapered roller bearings on low speed shaft 


Gearmotors operate in any position Finest rotary face-type oil seal on high speed shaft 


Compact design saves space Wide variety of mounting and motor types 


Single reduction AG MA output speeds from 25 to 280 RPM (Double reduction as low as 4 RPM) 








oS © 


For floor mounting, complete with 
new type 56-Frame totally-en 
closed, fan-cooled motor. Exter 
nal fan fully protected by cover 
Substantial mounting on gear 
housing supports overhung loads 
on shaft. Type SC three phase mo 
tor shown. Ratings up to % HP. 


New IR 40 with 48-Frame motor 
Gear housing shown is in one of 
eight possible positions. Open 
type single phase capacitor-start 
Type CS motor. Strong welded 
foot assembly and heavy motor 
frame assure smooth operation 
with severe sprocket loading. Rat- 
ings up to 4% HP. 


Typical special purpose mounting 
to suit driven machine. Output 
shaft is vertical downward exten 
sion, properly sealed against oil 
leakage. Capacitor-start type mo 
tor has special smooth cover over 
capacitor and terminal connec 
tions to facilitate cleaning to meet 
sanitary requirements. Ratings up 
to % HP. 


Basic horizontal unit as assem 
bled with 56-Frame open type 
motor. Motor is Type SC poly 
phase. Multi-speed, crane and 
hoist duty and other special types 
available. Note convenient vent 
and filling plugs on gear housing 
Ratings up to % HP 


Call your nearby Century District Sales Office or Authorized Distributor 


..- Your best motor investment is Century 


© 

P erformance ated 
MOTORS 

1/20 to 400 HP 


CENTURY ELECTRIC COMPANY 


18th and Pine Sts. « St. Lovis 3, Missouri ¢ Offices and Stock Points In Principal Cities 
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Precise, yet rugged, too 


Like Old Reliable here, MAC valves are proved performers. They're 
designed for dependability . . . precision built to operate exactly — 
cycle after cycle. That’s because we demand much more from our valves 
than just ordinary duty. MAC spools, for instance, are engineered to 
withstand at least 75 times actual use load. MAC springs are “shot- 
peened”—a process that lengthens life by more than 1000% and 
virtually eliminates spring failure. 


So it goes—right down through the assembly line. We build in the 
important “extras” that make the difference. And that's why you can 
expect more from a MAC valve—in performance, dependability and 
long life. Contact a representative listed at right. His know-how can 
help you with any air valve application. 


MECHANICAL AIR CONTROLS, INC. 


10030 Capital, Oak Park, Detroit 37, Michigan 
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PHONE YOUR NEARBY “MAC” 
REPRESENTATIVE FOR 
DATA AND DELIVERY 


ARKANSAS 
Branch-Merwin Tool Specialists, 447 W 
Bellevue, Memphis, Tenn., BRoadway 8-6102 


CALIFORNIA 
OAKLAND 8 — The Rucker Co., 4700 San Pablo 
Ave., OLympic 3-5221 
SOUTH GATE—The Rucker Co., 4956 Fire- 
stone Bivd., LOrain 4-2521 


FLORIDA 
MIAMI SPRINGS Aero Hardware & Supply 
Co., 4301 Northwest 36th St.. TUxedo 8-2414 


ILLINOIS 
CHICAGO 43—Mike C. Modrich Co., 10918 
South Western Ave., Hilltop 5-3640 


INDIANA 
EVANSVILLE Neff Eagenoring Co., 2509 
Washington Ave., GReenieaf 7-414) 
FORT WAYNE 3— Neff Engineering Co., P.O 
Box 2001, Station A, 2339 Crescent Ave 
EAstbrook 7391 
INDIANAPOLIS 20—Neff Engineering Co 
P.O. Box 7361, 42nd St. Station, CLifford 
5-5418 
SOUTH BEND —Neff : Co 
707 South Eddy. ATilantic 7-5655 


MASSACHUSETTS (and New England) 
BOSTON 34— Electrical Apparatus Co.. Inc 
1200 Soldiers Field Rd., STadium 2-7440 


MICHIGAN 
BAY CITY Fred Kober, 506 Chilson St 
TWinbrook 2-2629 
FLINT 2— Kober Sales Engineering Co., 1115 
Root St., CEdar 2-7165 
WESTERN MICHIGAN fverett Adams, 
17212 Sharon Road, Chesaning, Michigan, 
Victor 5-3446 


MINNESOTA 
MINNEAPOLIS 8 Air and Hydraulic Equip- 
ment Co., 15 E. 38th St., TAylor 3-6118 


MISSISSIPPI! 
Branch-Merwin Tool Specialists, 447 N 
Bellevue, Memphis, Tenn., BRoadway 8-6102 


MISSOURI 
ST. LOUIS COUNTY—Oscar E. Jost Co 
P. 0. Box 6, St. Ann, HArrison 8-4488 


NEW YORK 
BUFFALO 26-——C. H. Tepas Co., 200 Washing- 
ton Hwy., Circle 3210 


OHIO 
CINCINNATI The R. W. Nichols Co. Fidelity 
Federal Savings Bidg., 2087-9 Sherman Ave 
Norwood, ELmhurst 1-2440 
DAYTON The R. W. Nichols Co., 407 Realty 
Bidg., Michigan 4724 
OLMSTED FALLS—The R. W. Nichols Co 
P. 0. Box 6, ADams 5-3366 
TOLEDO 4—The R. W. Nichols Co., 510 Man 
hattan Building, CHerry 1-1447 


OREGON 
PORTLAND— The Rucker Co., 911 N. W. Hoyt 
St., CApito! 3-0205 


PENNSYLVANIA 
PITTSBURGH 22—The R. W. Nichols Co., 101 
Investment Bidg., ATiantic 1-6050 
PHILADELPHIA 41 Automation Aides, 4817 
Old York Rd., Michigan 4-0807 


TENNESSEE 
MEMPHIS — Branch-Merwin Tool Specialists, 
447 N. Bellevue, BRoadway 8-6102 


TEXAS 
DALLAS 36—Womack Machine Supply Co., 
2010 Shea Rd., Fleetwood 7-3871 


WASHINGTON 
SEATTLE—The Rucker Co., 1000 4th Ave., 
South, MAin 2783 


WISCONSIN 
MILWAUKEE 17— Neff Engineering Co. 5856 
N. Pt. Washington Rd., EDgewood 2-1579 
CANADA 
MONTREAL—L. S. Tarshis & Sons, Ltd 
450 McGill St., Quebec, PLateau 2963 
TORONTO — Trevor Babbs, National Time & 
Signal Co., Agincourt, Ontario, OXford 1-4857 


MECHANICAL 
AIR CONTROLS, INC. 


DETROIT 37, MICHIGAN 











CATALOGS 
and BULLETINS 


To obtain copies of literature described below, circle corresponding 
number on postcard inside back cover. For those catalogs and bulletins 


available only when requested on company letterhead, see page 172 


INDUSTRIAL SHEET PACKING—B 
letin P-328, 8 pp 
neering, application and testing data on 
19 packings. Crane Packing Ci 64 
Oakton St., Morton Grove, II] 


Circle 43, inside back cover 


Detailed specs, eng 


DRAFTING MACHINE~— Bulletin 
Describes machine and how it 

Charts standard models for boards f1 
30 x 42 to 48 x 96 in. Glideline ( 

300 S. Potomac St., Waynesboro, Penna 


Circle 44, inside back cover 


ELECTRICAL CONTACTS—Folder 
pp. Has table of special and composit 
contacts, describes design and specs. Chart 
give dimensions of standard units. Con 
tacts, Inc., 1100 Silas Deane Highway 
Wethersfield, Conn 


Circle 45, inside back cover 


SILICONE SPONGE 
SHEETS—Data sheet, 2 


RUBBER 
p. Properties of 
sheets available from stock, for l to 
480 F applications. Connecticut Hard 
Rubber Co., 407 East St., New Haven 9 


Conn 


T 
P 


Circle 46, inside back cover 
VARIABLE SPEED V-BELTS—Catalog 
VS-10, 32 pp 
tion on variable speed V-belts for every 


Cross-reference informa 
type or make of unit. Interchange listings 
includes drive data and part-number list 
ings of the manufacturers. Industrial Div., 
Dayton Rubber Co., Dayton 1, Ohio 


Circle 47, inside back cover 


STAINLESS FASTENERS—Catalog, 48 
pp. Stock list and data book. Part 1 in- 
cludes illustrations, thread and design 
specs, and availability of corrosion-resistant 
metals for 40 basic fastening devices. Part 

gives engineering data on composition, 
properties, applications and weights of 
Allmetal Screw Products 
821 Stewart Ave., Garden City, 


stainless steels 

Co., Inc., 

i. ws 
Circle 48, inside back cover 


GENERAL-DUTY MASTER SWITCH 
Bulletin GEA-6705, 2 pp. Tables of 
ratings and dimensions are included with 
exploded view of features. Drawings show 
available handle modifications. General 

Electric Co., Schenectady 5, N. ¥ 
Circle 49, inside back cover 
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PVC PIPE—( 


and 1 
Engineering 
Co., Clark Bld 


rcle 50, inside bock cover 


COMMERCIAL FASTENERS—Catal 


; 
it 


I 


Circle, 51, inside back cover 


SUBMINIATURI INDICATOR 
LIGHTS—Brochure L-159, 4 py De 


; 


N. ¥ 


Circle 52, inside back cover 


ELECTRICAL CONDUIT AND CA-. 
BLE FITTINGS—Bulletin 85, 62 pp. De 
sign, operational and installation features 
ind weight. Index lists fit 

ng to conduit for which they 


Thomas & Betts Co., 3¢ 
lizabeth 1, N. J 


Circle 53, inside back cover 


MAGNESIUM AND ALUMINUM AL- 


LOYS—Catalog 57, 20 pp. Physical prop 


ties and conforming specifications. List 
is includ alloys for sand casting 
permanent-mol and rare-earth alloy 
Wellman Bronze and Aluminum ( 
] Shaker Blvd., Cleveland 2 


Circle 54, inside back cove: 


rUBE AND BAR STOCK—Bulletin 156, 
6 pp. Information on standard bar and 
tube stock in Meehanite metals, and Type 
1 Ni-Resist 
physical-properties chart. Shenango Fut 
, Dover, Ohi 


Illustrates uses. Contains 


nance Cx 


Circle 55, inside back cover 


DOUBLE-REDUCTION SPEED RE 
DUCERS-—Bulletin CD-230, 20 pp. Cov 
rs 164 standard styles and sizes. Selec 


(Continued on page 170) 
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MOTOR MAINTENANCE TIP: 


Use Shovel Regularly 


Without the vigorous use of a shovel, this Fairbanks- 
Morse 100 hp. motor would be buried under corrosive 
coal dust. Even so, as it drives a briquette press 16 
hours a day, there is a cloud of coal dust coating motor 
windings and inhibiting normal cooling . . . steam and 
sulphur release sulphuric acid that can cause mechanical 
and electrical failure. 


YET— After eight years in this rugged service the slip- 
ring motor in its dripproof frame has operated at peak 
efficiency without a single breakdown. Other F-M motors 
in this same difficult environment have operated more 
than 40,000 hours without breakdown — completely elimi- 
nating motor failures where such failure was common- 
place before. 

There is no better way to judge design advantages 
than to look at the long performance record of equipment 
in service. Your nearby Fairbanks-Morse Motor Special- 
ists can show you many applications similar to your own. 


When Performance Is the Measure, 
F-M Motors Are the Standard. 


Fairbanks, Morse & Co., Chicago 5, Ill., Dept. PE-1125. 


. 


® FAIRBANKS-MORSE 


@ name worth remembering when you want the BEST 


ELECTRIC MOTORS AND GENERATORS © DIESEL LOCOMOTIVES AND ENGINES © PUMPS © SCALES @ RAIL CARS © HOME WATER SERVICE EQUIPMENT © MAGNETOS 
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hoover locks lube in. dirt out 
for the lifetime of the bearing 


with contact 
seals of 


p We / 


‘ 
== 
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Hoover is first to seal ball bearings with TEFLON! Hoover 
makes sure that lube stays in, dirt stays away from the 
smooth, mirror-like working surfaces of high quality Micro- 
Velvet Lapped Balls and Hoover Honed Raceways. You get 
greatly extended bearing life. 
Why TEFLON for seals? TEFLON is the remarkable new 
product of chemistry . . . extra tough . . . extra long wearing 
and so slippery that there is practically no torque 
resistance. Hoover seals are ingeniously engineered to main- 
tain positive contact and improve lube circulation. Perman- 
ently attached full metal shields lock the seals within the 
bearing, safe from damage. 


Use Hoover Ball Bearings with single or double seals of 


TEFLON for high speed applications, electric motors, or where- 
ever periodic lubrication or maintenance is not practical, 
as in sealed units. They are available in both light and 
medium series. 

*TEFLON is DuPont's Trademark for its Fluorocarbon Resins 


Micro- Velvet and Hoover Honed are Hoover Trademarks 


o@owe\»r 


BALL AND BEARING COMPANY 
ANN ARBOR, MICHIGAN 
SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIFORNIA 


5. 1957 
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OTHER HOOVER 
QUALITY BALL BEARINGS: 


(light, medium, heavy series) 


Single and Double Shield 

Single Row Radial 

Combination Felt Seal and Shield 
Double Row 

Cartridge 


WEW! BULLETIN 
100—gives com 
plete information on 
Hoover Bearings 
with Seals of TEF 
LON. To get your 
copy, just return the 
coupon below 


Hoover Ball and Bearing Company 
Ann Arbor, Michigan 


Please mail my copy of Bulletin No. 100 on 
Hoover Bearings with Seals of TEFLON 


Nome 
Title 
Company 
Address 
City 





Catalogs and Bulletins continued 


Design fo | rs | Su Cc cessful S pri ng tion data includes capacities, types and ra 


tios. With dimensional drawings. Cone 
Drive Gears, Div. Michigan Tool Co., 
7171 E. MeNichols Rd., Detroit 12. 


Circle 56, inside back cover 


SWITCHES-—Catalog, 36 pp. Specs on 
rotary, slide and lever switches. Illustrated 
ind indexed. Centralab, Div. Globe- 
Union, Inc., 900 E. Keefe Ave., Milwau 
kee 


Circle 57, inside back cover 


HEAVY-DUTY MASTER SWITCH — 
Bulletin GEA-6706, 8 pp. Features, 
modifications and operating advantages of 
surface and desk-mounted models. With 
drawings of configurations and dimensions 
General Electric Co., Schenectady 5, 
‘ : N. ¥ 
- Engineering Service Circle 58,, inside back cover 


~~ Tooling for Pre melthiiiity WELDING AND CUTTING—Booklet 
ADG-2057C, 20 pp. Describes publica 
ee Planning PTY: | Scheduling | tions and audio visual items wennnge with 
out charge. Publications cover applica 
a tions of industrial gases, welding and cut 
- Quality Control ting techniques, and equipment. Lists 
motion pictures that show latest develop 
- Packaging ~~ Delivery ments in automatic welding, machine gas 
utting and other processes and products 
Air Reduction Sales Co., div. Air Reduc 
tion Co., Inc., 150 E. 42nd St., New York 

17 
Circle 59, inside back cover 


HAIRSPRINGS—Handbook, 8 pp. Guide 


. . for $ ) oO Tle { “¢ ( 
These are the basic elements necessary to design and produce election of materials for specific opes 
iting conditions Telis how to specify 


a precision built spring. To supply the above elements takes physical requirements, discusses _relativ 
skill, experience and imagination . . . ingredients that Accurate importance to be given to effect of torque, 
OD, cross-section and collet hole size. As 


Spring prc ides every >} Ss > rTerv av a 
pring provides every one of their customers every day. ited Spring Corp., Bristol, Conn 


Accurate makes millions of springs a month—precision Circe 68, tnside Sack cover 
springs held to close tolerances by rigid quality control and ELECTRONIC CONNECTORS, COM. 
inspection. Production schedules for large quantities are PONENTS—Company publication, 4 pp 

. ‘ —_ : : : First issue of Electronic Connector, a 
planned well in advance. Customers are assured of deliveries 


(Continued on page 172) 
scheduled to their needs. 





Proper packaging is necessary too, for ease of handling and 
speeded production. Untangling springs can be irksome and 


expensive. 


Uhese facilities are here to serve you. Just write, outlining 


your requirements and specifications. 


SPRINGS 
WIRE FORMS 
STAMPINGS 


ACCURATE SPRING MFG. CO., 3815 W. Lake St., Chicago 24, Ill. 
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Rolled Split Steel Spacer Tubes 
in Great Variety and at Low Cost 


Used in hundreds of automotive, appliance, Spacers 
farm implement and wheeled goods assem- Soy t 

blies, they save time, labor and costly - TA\ 
materials. An economical substitute for iron FEDERA| Se | - A 

pipe, tubing or machined parts, they are Mogul 

delivered ready for assembly, to exact dimen- 

sions. A special catalog with design data is oe - 9? seams and we can braze spacers to other 
available, without obligation. Address: —s components, as shown here 


Spacers can be furnished with brazed 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11043 SHOEMAKER, DETROIT 13 
RESEARCH ¢ OESIGN *¢ METALLURGY © PRECISION MANUFACTURING 
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GEAR-ED-MOTORS 


SELECTRON 
VARIABLE-SPEED DRIVES 





THIS EMBLEM IDENTIFIES | 
EXTRA DEPENDABLE 
INDUSTRIAL MACHINERY 


The red power spot on industrial 
machinery means “Powered by 
Electro Dynamic.” Such machinery 
relies with confidence on the extra 
dependability of Electro Dynamic 
motors, the proven industrial motors 
which give industrial equipment 


extra dependable operation. 





SELECTROL 
VARIABLE-SPEED DRIVES 


ELECTRO DYNAMIC 
DIVISION OF GENERAL DYNAMICS 


CORPORATION 
BAYONNE, NEW JERSEY 





Catalogs and Bulletins continued 


quarterly New prod 
ments are reviewed 


Box 817, Toledo 1. 


Circle 61, inside back cover 


FILTERS FOR FLUID POWER CIR 
CUITS AND LIQUID LINES—Bullet 
17, 4 pp. Applications, ch terist 
properties. Filtros, In 607 Com 

St., East Rochester, N. Y 


Circle 62, inside back cover 


FLEXIBLE TEFLON TUBING—B 
tin 4, 2 pp. Properti Ip] tio 
ase histories of standard st 

sylvania Fluorocarbon Co., | 

38th St., Philadelphia 4 


Circle 63, inside back cover 


DC MOTORS AND GENERATORS 
Catalog SP-182, ¢ pp. Cutaway drawing 


show general construction. Included are 


dimensions, ratings and application: 
industry. Marathon | tric Mfg. ¢ 
Wausau, Wis. 

Circle 64, inside back cover 


REMOTE CONTROL ASSEMBLIES 
Catalog 5694, 12 pp. Flexible sl 
ouplings, universal joints, an¢ 
ontrols. Includes propert 
ations. With illustratior 
drawings. Kupfrian Mfg. ¢ 
pect Ave., Binghamton, N. \ 
Circle 65, inside back cover 


POTENTIOMETERS 

I}lustrated engineering s] 

seven new and standard mod In file 
folder form. Spectrol Electronics Div., 
Carrier Corp., 1704 S. Del Mar Ave., 
San Gabriel, Calif 


Circle 66, inside back cover 


SELF-LOCKING CONNECTORS-—Bro 
chure, 24 pp. Catalog of connectors made 
I Harvey Hubbell, In Bridgeport 
Conn. Gives electrical and mechanical 
characteristics. Photos, dimensional draw 
ings and sketches. Avi 

8966 National Blvd 


Circle inside back cover 


Letterhead Requests Only 


Manufacturers who publish following 
literature ask that requests for copies be 
made on company letterheads 


FREE-PISTON ENGINE—Book! 
Sh 


verformance characte! | 

type model. Cutaway diagrams illustrate 
ynstruction Hamilton D Baldw 

Lima-Hamilton (¢ Hamilton, Ohio 


p 
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MAXITORQ 
electric clutches 


and brakes 
PROVED design, Floating Disc action is fast and positive, with no 
heating or drag in neutral. Compact, simple, with few moving parts. 
For WET or DRY operation: Electrical operating unit DOES NOT 
REVOLVE; no brushes or slip rings. Use easily replaced standard 
Disc-Pac. Requires no adjustment. Wide range of standard sizes, 
single and double types. All sizes rated 80 watts, operate on 110 
V,A.C., rectified to 90 V,D.C. Other voltages on special order. 























overload 
release clutches 


One of the simplest and most efficient methods of providing a 
DEPENDABLE and easily adjusted overload release on machines 
requiring this safety feature in addition to a clutch. Incorporate all 
the advantages of MAXITORQ Floating Disc design plus automatic 
and complete release upon overload. Proved in service. Available 
in a wide range of sizes. 


standard floating 
disc clutches 


and brakes 

MAXITORG offers you PROVED 

performance in every type of service with the following important 

advantages: compact design with few and sturdy ports... 

floating neutral with no heating or drag . . . positive engagement 

or release with light pressure ... manual assembly and adjustment 

. full power transmission... full range of sizes and types... 
supplied as complete, easily installed units. 


disc-pac 


The “heart” of the SERVICE-PROVED Maxitorq Floating Disc Clutch 
in a compact, assembled unit for those who wish to design and 
build their own clutch mechanisms. Supplied as complete units 
ready for use in 8 diameters 2” to 8", up to 800 ft. Ibs. capacity. 
Also useful as a multiple disc brake or torque limiting device. 


Write for complete data and specifications on any or all of the 
above. If you have a problem involving clutch applications, consult 
us. A letter or phone call will receive prompt attention. Dept, PE-11. 


DA THE CARLYLE JOHNSON MACHINE COMPANY, MANCHESTER, CONN. 
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no 
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Self-aliguing 
DIHEDRAL COUPLINGS 


Short Cut 
to Major Product 
improvement 


Patented or 
Patents pending 
in U.S.A. and 
foreign countries 


Cutowoy 
view shows 
arrangement 
of specially 

designed 
AJAX geors 


Here is a “‘ready made technical 
helper’ that can give you more 
engineering time for the concen- 
trated efforts that special assign- 
ments require. Write for the 
new Ajax Catalog No. 62 that 
contains misalignment capacities 
of every coupling size and type in the complete 
line of Ajax Dihedral Couplings. Why spend 
valuable time duplicating data already established 
by thousands of proven, field tested applications 


Ajax Dihedral Couplings handle unavoidable shaft 
misalignment, angular and offset, up to a total of 
12°, Teeth can be cut to handle greater misalign- 
ment capacities on special order. 


Get the facts on how manufacturers of presses, 
machine tools, rolling mills. cranes, earth moving 
and many other direct 
connected machines are 
simplifying design, cut 
ting manufacturing costs 
and improving product 
performance with Ajax of 
Dihedral Couplings. ; 


reco 


Write today for your 
personal copy of 
Bulletin No. 62. 


AJAX FLEXIBLE COUPLING CO.INC. 
WESTFIELD, NEW YORK 


DESIGN ABSTRACTS 


Electrical and Mechanical 
Properties of Epoxies 


For a constant epoxy resin composi 
tion, changes in volume resistivity and 
flexural strengths will parallel one an- 
other in the 
mediately below and 


temperature range 1m 
above the tem 
ASTM 
How 
ever, the heat distortion temperature 
predicted from data de 
veloped for epoxy resins. A 


perature level indicated in 


heat-distortion test procedures. 


cannot be 
general 
observation that can be made is that a 
broad between the 


Shore D hardness of an epoxy resin 


relation exists 
ind its volume resistivity 

The resilient epoxy resins will de 
pict significant electrical and me- 


chanical property changes on long- 


time aging at elevated temperatures 
It may be possible to employ non 
measurements 


destructive diclectric 


for tracing changes in the epoxy resin 
compounds. Also reported was an in 
crease in volume resistivity upon the 
ipplication of small tensile 


stresses 


Abstracted from “Relationships between Elec 
trical and Mechanical Properties of Epoxy 
Plastics,” John Delmonte, Furane Plastics, Inc., 
ASTM Bulletin, Sept. 1957 


Rupture and Impact 
Stresses in 


Reinforced Plastics 

A method is proposed for evaluat 
ing strength data as 
ind temperature. The 


1 function of time 
method in- 
volves determination of rupture prop 
erties at various temperatures for ex- 
tremely short and long periods of 
time. Mathematical and graphic rela- 
tionships are included. 


Abstracted from “Long-term Rupture and Im- 


pact Stresses in Reinforced Plastics,” by 
Solomon Goldfein, U. S. Army Engineer Re- 
search and Development Laboratories, ASTM 
Bulletin, Sept. 1957 


Internal Load Reaction in 
Rolling Bearings 

Determining loads on individual roll- 
ing elements in single-row and double- 
row bearings of various types, under 
external load applied at any angle to 
the bearing axis, was first dealt with by 
Stribeck. His research was confined 
to effects of true radial load only on 
bearings with contact angle a = 0°, 


Product Engineering 


thus limiting the scope of his classic 


formulae [he analysis given here 
relating to 
requires only elementary mathematics 


Each 


step is given in detail to elucidate 


ingular-contact bearings 


trigonometry and mechanics. 
principles underlying inalysis, encour 
wing use of tables provided, because 
they are not subject to blind accept- 
ince 

Internal Load Reactions in 
by R. K. Allan, Mechanical 


Abstracted from 
Rolling Bearings,” 
World, Sept. 1957 


Engineering Is 
What We Make It 

More people are now engaged in 
providing the services portion of the 
Gross National Product than in pro- 
ducing goods. Science 
ing have been steadily turning produc- 
ion drudgery over to machines. But 
society is deeply 


and shirt al 


concerned with the 
possible impact of science and engi 
neering on the future of the race. 

In receiving and appraising the en 
to an 


contribution, society 


increasing degree—will seek assurance 
ibout his qualifications, his 
ind his integrity. Engineers are faced 
with the double task of adding to the 
eputation of the engineering profes 
making sure that tech- 
contributions are 
evaluated and put to 
More than publication—or 
is needed to help the 
the full 
technological developments. It may 
involve years of missionary work plus 


fineer s 


motive 


sion, while 


properly 


nological pro] 


rood LISC 
publicitv 
community 


ippreciate implications of 


close cooperation among all 
sionals to put those developments to 
work, 

The professions would do well to 
foster mutual respect for the achieve 
ments of others and for 7 contri 
butions to total progress his builds 
1 sound basis for osc Rial and 


profe S 


(Continued on page 176) 





Help Fight TB 


: oG < 3 


Buy Christmas Seals 
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Expanded metal can fit into your plans, too 


Penmetal expanded metal, introduced 
at os stage, can often mean 
the difference between failure and suc- 
cess of products like these. That's why 
sO many y designers are taking 
advantage of its valuable properties— 
why you should, too! 











Decorative ...its clean, modern look 
puts sales appeal in your product. 
Functional ...the diamond truss pat- 
tern adds strength; permits the free 
passage of sound, heat and air. Made 
of sheet steel, which is slit and stretched 
from one to ten times its original 
width, expanded metal is up to 80% 
lighter than solid sheet of the same 
dimensions. And, cost is moderate. 





Penmetal expanded metal comes in 
carbon steel, aluminum, stainless steel, 
Monel, Inconel, etc. Large or small 
mesh. Light or heavy gauge 


Next time you're planning a new prod- 
uct, or boosting an old one, don’t over- 
look expanded metal. It offers a world 
of possibilities for exciting design. 
Send for descriptive catalog 509-EM. 











PENN METAL COMPANY, INC. 
General Sales Office 
40 Central Street, Boston 9, Mass 
Plant: Parkersburg, W. Va 
District Sales Office: Boston, New York, Phila- 
delphia, Pittsburgh, Detroit, St. Lovis, Dallas, Little 
Rock, Seattle, San Francisco, Los Angeles, 








Penmetal expanded metal used for delicate-fabrics compartment of clothes 
dryer. Strong, smooth open mesh allows warm air to circulate freely. 


Parkersburg 





























A 


Penmetal expanded metal adds TV speaker grille of expanded 
strength with light weight and metal: handsome, strong, 
beauty to gossip bench. protective. 
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Waldron couplings on a fan 
drive of jacket 
water coolers. 


by specifying 
WALDRON, 


Gear Couplings 


oy get" 


STRENGTH — Hubs and cover sleeves for sizes 14% A 


through 7A are machined from tough steel forgings. 
Hubs are keyed to the shafts. The two one-piece cover 
sleeves function as a single, rigid unit serving as a 
floating connecting link between the hubs. High 
strength of forgings makes possible a very compact 
coupling with low rotating inertia. 


— There are no flexible parts to bend or 
break and the coupling is dust, moisture, and oil tight. 
Patented Walflex seal is positioned where centrifugal 
force is least. Clearance between teeth in hubs and 
sleeve is engineered so that an oil wedge always sepa- 
rates them, taking the wear. 


— Plenty of rough bore couplings, al- 
ready assembled—on the shelf for immediate delivery. 
Finish bored standard couplings shipped to meet cus- 
tomers’ schedules. We are geared up to give you 
realistic delivery on any type of couplings. 


> Ask for Catalog 57 


JOHN WALDRON corp. 


NEW BRUNSWICK, NEW JERSEY 
Representatives In Principal Cities 
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Abstracts continued 


proper use of the great engineering 
contributions to come and for genuine 
prestige for engineering 

l'odav the frontiers of engineering 
ire moving so fast that possession 
ilone of a particular degree ot body 
of experience 1S a poor guarantee of 
continued contributions. Whole areas 
of established technologies may be 
come obsolete twice or even three 
times in one man’s lifetime. No one 
can expect to wrap himself in his 
sheepskin or his past experience and 
settle down for a nap 

How is this situation met? Pri 
marily, I should say, by simply doing 
one’s job better. Engineering jobs 
done well provide growth and recogni 
tion for the engineer and add to the 
stature and reputation of engineering 
iS a profession 


Abstracted from editorial by C. H. Linder; 
General Electric Review, Sept. 1957 


Design for Reliability 
Reliability and maintainability are in 
timately tied together through the five 
categories of reliability from “safety 
reliability” to “overhaul.” By defining 
the intended reliability and establish 
ing working goals susceptible to meas 
urement, the designer can get his 
teeth into the problem 

Design breaks into two types: ini 
tial design, and correcting problems 
that show up in use Methods of 
evaluation and measurement will make 
it possible to treat reliability as other 
engineering subjects have been, and 
will result in major improvements in 
all five categories of reliability 
Abstracted from “Design for Reliability”, by 
G. S$. Schenier and H. S. Clayman. Presented 


at SAE National Aeronautical Meeting, Los 
Angeles, Calif., Sept. 30-Oct. 5, 1957 
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Edison sulked when 


verlime 
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. 


As a supplier of welded rings and components to major 

United States jet engine manufacturers, American Welding has 

proven its skill as part of an industry where cost and precision 

are vital factors. As the missile and rocket programs 

grow from the experimental to the production stage, Amweld’s 

experience and skill can play a part in these essential programs. 

If you have a problem that can be solved by a rolled 

and welded ring or component, or any welded fabrication, 

contact American Welding’s Industrial Products Division. Their 

skill, experience, and engineering are at your service. 

THE AMERICAN WELDING & MANUFACTURING COMPANY 
140 DIETZ ROAD WARREN, OHIO 


a J 





AMERICAN WELDING 


The World's Leading Manufacturer of Welded Rings 
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Composite of demagnetization curves showing that for Alnico V, upper, and Indox I, 
lower. Operation in the third quadrant is produced when a demagnetizing force, 
stronger than the magnet, forces flux in a direction opposite normal operation, provid- 
ing negative magnetic induction. Indox magnetic flux returns to full value when 


this force is removed. 


Why Ceramic Magnet Fields Are 
Now Practical for D.C. Motors 


G. R. Hennig, Senior Design Engineer, The Indiana Steel Products Com- 
pany, explains in this interview why Indox ceramic magnets are now 
practical for d.c. motors ranging from fractional to multiple horsepower. 


Question: Why is the use of Alnico mag- 
nets limited to rather small motors, such 
as toy motors? Why are only some very 
special larger motors equipped with per- 
manent magnet stators at the present 
time? 

Answer: usable 
magnetic 


The price per unit of 
energy dictates the size limit. 
Alnico contains very expensive raw ma- 
For small weighing a 
fraction of an ounce, this is not too sig- 
nificant. Labor cost, however, the other 
main factor in any calculation, is a size- 
able item in small units. This is not true 
when larger Alnico magnets are required. 
With Indox the opposite is true. Its raw 
materials are cheaper than copper, and it 
appears that the larger the motor—within 
a certain limit—the more economically 
the material can be applied 


terials magnets 


Question: How can Indox I, with only % 
the energy product (BH max), of Alnico 
V, be usage 
where a high field energy is required? 


recommended for motor 


Answer: Maximum energy product is a 
good criterion of quality for static condi 
tions, such as in the magnet systems of 
moving-coil instruments or loudspeakers. 
In motors, many other 
applications where the magnet is subject 


to strong demagnetizing forces, maximum 


generators, and 


energy product is not an important con 


sideration. One must 


permeability, 


consider the incre 
even in the third 
quadrant of the hysteresis loop. The result 
is, that under the 


mental 


most extreme condi 
tions, Indox I has a maximum usable en 
ergy of 17.4 in.-lb. per pound while Alnico 
V has only 13.7 in.-lb. per pound. Under 
conditions as found in motors, the usable 
energy of Indox I is about /% instead of 's 


of the usable energy of Alnico V. 
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Question: How does Indox V compare 
with Indox I and Alnico V, and where 
does this material find application? 


Answer: Indox V is the strongest ceramic 
magnet material available today. Per 
unit of volume it provides more usable 
energy in motors than Ainico V 
Flat pieces with at least 2 sq. in. area are 
preferable for production. This means 
that Indox V is suitable for motors with 
about 1/25 hp and more, and not for 
the tiny toy motors. 


does 


Question: What are the size limitations 
for Indox I and Indox V motors? 


Answer: [ndox I is suitable for motors 
from the smallest possible size to about 
¥s hp. Indox V can be applied in much 
larger motors, possibly in the range up 
to 10 hp, or higher. The same applies for 
generators. 


Question: Can any d.c. motor be con- 
verted to a permanent magnet-field motor? 


Answer: Yes, most motors can be con- 
verted with very little design change 
Others may require a considerable change 
in structure and layout of the armature. 


Question: Is there a problem of meeting 
air gap tolerances with Indox I ring or 
segment stators, unless bore grinding is 
applied? 


Answer: No. Even though there is an 
as-sintered tolerance of + 1.5%, an In- 
magnet may be compared with an 
solenoid, and variations of the 
air gap length have little influence on the 
usable flux. Only the O.D. should be 
ground which is an inexpensive operation 
on centerless grinders. 


dox 


alir-core 


Question: How will a permanent magnet 
motor compare with shunt or 
wound motors? 


series 


Answer: In general, a permanent magnet 
motor will have characteristics falling 
between shunt and series wound motors 
Although it will not duplicate the entire 
speed torque curve for either, it can dupli- 
cate characteristics over a specified range. 


Question: What are the specific advan- 
tages of substituting permanent magnets 
for wound fields in motors? 


Answer: The are: Higher 
efficiency, cooler operation, less use of 
critical material such as copper and, pos- 
sibly, simplification and cost reduction. 


advantages 


Question: Is there a possibility of using 
Indox in a.c. motors? 


Answer: Yes. In addition to various syn- 
chronous timer motors, d.c. motors with 
Indox magnets can be used with the new, 
efficient power-rectifiers (silicon or oth- 
ers). The advantages over normal d.c. 
motors are higher starting torque and 
better speed regulation. 


Question: How is the speed controlled 
in permanent magnet motors? 


Answer: Normally, by varying the arma- 
ture voltage, but also by using a magnetic 
shunt, by moving the armature axially 
out of the permanent magnet field, by 
rotating the brushes, or by an auxiliary 
field winding. 














Question: Can a permanent magnet sta 
tor compete with an equal electromag- 
netic stator in size or total volume? 


Answer: Yes, with the materials we have 
today it can. There is only one excep- 
tion: Where wound fields are operated 
with high, short-time overloads. 


A complete reprint of Mr. Hennig’s pa- 
per, “Applying Ceramic Permanent Mag- 
nets to Motor Design” appears in the 
July-September Applied Magnetics. Write 
today for your copy. Dept. C-11. 





OF PERMANENT MAGNETS 








In Canada 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


THE WORLD’S LARGEST MANUFACTURER 


INDIANA 
PERMANENT 
MAGNETS 


. The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 


Product Engineering — November 25, 1957 





NEW 
BOOKS 


Analysis of Bistable 
Multivibrator Operation 


P. A. Neerson, Book X, 6 x 9 in., 82 
pp Published by N. V. Philips’ Gloeil 
ampenfabrieken Eindhoven-Nether 


lands, $2.15. 


In modern control and logic sys 
mic switching circuit, 
bistable 


1 flip-flop,” has found 


tems, an electr 


. , 
Known as ti 


Eccles-Jord 


widespread 


multivibrato1 
ition. Equipment 
with which 

cludes electronic counting and 
puting devices, tim 


mecasurnng appal 


itus, telemetering and automatic ™ 


[his book Pive 


control system 
of dynamic 


brator 


Acoustical Engineering 

Harry F, Pu.D, Du 

Acoustical and Electromechanical Re 
ratory, RCA Laboratories 

64 x 9} in., 718 pp. Published by D 

Van Nostrand Co., Inc., Princeton 

N. J. $13.50. 


( yy SON, 


ector, 


search Labe 


Ihe momentous strides of mode 


acoustic science im recent years ar 
reflected in this new and greatly en 
larged third edition. From fundamen 
tals to practical applications, it now 
working methods 


presents 


covering the entire field of ac 


complete 
ustic i] 
engineernnyg 


In all areas covered, rapid advances 


have made much new material and 


many revisions necessary. lwo large 


chapters dealing with complete sound 
reproducing and communications sys 
tems have been added Included 
among the most recent developments 
described are: in underwater acoustics, 
and locating 
and for 
ultrasonics, industrial 
machined 


parts, for drilling and detecting flaws; 


systems for detecting 


crafts and obstacles, depth 
soundings; in 
techniques for cleaning 
in architecture, methods of obtaining 
excellent acoustics under severe artis 
tic considerations; in music, new 
musical instruments. 

Throughout the book, consistent 
and logical use of analogies between 
and acoustical 


electrical, mechanical 


(Continued on page 180) 
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TEMPERATURE 


here’s graphic PROOF of the 
HIGHER WATTS DENSITY 


VP See 
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CARTRIDGE HEATERS 


“\ 


HEATED 


BE 


Here, at last, is a 
advantages in one electric heating unit 


cartridge 
de sirable 


Prolonged heat lica 
} 


higher for short periods 


Test units have 
inch at 1800°F for periods in ey 
Standard cartridgs 
breakdown test 


units have toile 


this extrem« 


Think of the new design flexibility — lots of heat 
in a small space. Units from %” to 12” long; %” 
and 4” diameters. 


WRITE for informative new BULLETIN #360. 
Full of convincing facts and figures. 
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SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


ELECTRIC MFG. CO. 
1392 FERGUSON AVE. 
SAINT LOUIS 14, MO. 





New Books continued 


you can get this | gpetemns ts made ‘because reduction of 
a vibrating system to the analogous 
brilliant finish electrical network ha bee 1 round l 
valuable tool in its analysis. Detailed 

] 


directly on presentations of theory and _ practice 

ire given for all important transducers. 

zinc die castings! lhe material on speech, m 
. hearing correlates objective 

jective acoustics. As an ak 


velopment and design, a large number 


No electroplating--no of useful formulas, tables and graphs 
mechanical finishing! , ti 


are included, as well as acoustical el 
ments, radiating systems and mechan 


ical vibrating systems. 


The Elastic Constants in 
Structural Design With 
Particular Application 


PART AS CAST mE 
To Titanium 





S. A. Gorpon, 84 x 11 in., 30 pp 
paper bound. Available from Office of 
echnical Services, US Department of 
Commerce, Washington 25, D.C. $1 


The elastic constants of materials 
and their application to design for 
mulas are discussed. Studies are pre 
sented to show the effect of variations 

polishing, protects against corrosion | in these constants on the formulas in 
which they are used. Typical design 
NCW, FOR THE FIRST TIME you can get a brilliant, decorative finish curves are presented for titanium and 
directly on zinc die-cast parts . . . without mechanical finishing, with- 17-7PH for columns, buckling, and 
out electroplating! The luster is provided by the chemical polishing c rippling of open sections, and torsion 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


brightens zinc die castings by chemical 


in cylinders. An analysis is also pre 
sented of several typical beams and 
columns to show the effect of the 
modulus of elasticity of titanium and 
17-7PH on the over-all deflection of 
structures. The basic developments are 
reported so that additional design 
curves can be plotted for different 
elastic constants or materials of dif 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes . . . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 

AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 

LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 


least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 


ferent strengths. 

In reviewing the application of the 
elastic constants in design, the follow 
ing points appear to be worthy of 
consideration: 


1) Poisson’ io of a materi 
Field Engineer. He's listed under “Plating Supplies" in your classified ‘phone (1) Poisson's ratio of aterial 


beck. IMPORTANT: when you give us samples for test processing, please be can be approximated with reasonable 
sure to identify the alloy used. | security, since large differences in the 
value reflect themselves only in small 
errors in design. A value of $.35 ap 


pears to be a good compromise, since 
» increases in the plastic range. 

(2) Reasonable errors in the modu 
lus of elasticity can be tolerated in 
design formulas, particularly in the 
high stress ranges 

3) Using a material of high mod 
ulus does not necessarily mean that 
the structure designed from this ma 
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In a bearing, PLANNED PRECISION 


is the carefully evaluated incorporation of 


whatever precision features are necessary 
to provide for the functional requirements 
of the job—not more, not less. Precision 
refinements are costly, and should be 
selected with care to insure products that 
are both economically and functionally 
correct. 

In the NICE LINE, Product Designers 
will find a complete range of ball bearings 
incorporating varying degrees of precision. 
NICE catalog standard bearings are available 
in precision, semi-precision and unground 
types. If a specially designed bearing is 
the correct answer to the application problem, 
NICE engineers are qualified and capable 
“Specialists in Specials”’. 

Write for Catalog No. 190 


Enices NICE is the word for BEARINGS 
Oo 
ai D 


>. 


NICE BALL BEARING COMPANY 


NICETOWN -PHILADELPHIA:- PENNSYLVANIA 
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New G-E Indicator Lamp ‘lives’ 10,000 hours 
_.. resists shock and vibration 
_..Meeds no transformer 


The light output of the new 


General Electric Glow Lamp, NE-79 is 


easily sufficient to illuminate the legend in a cover glass or lenses in a 


diversified array of indicators. Made for use on 105-125 volt circuits, in 


vith a 1 watt 00 ohm resistor, no transformer is needed. Since 
lb is only ‘in diameter it fits pilot assemblies which go into a 
r hole 
) has inherent resistance to both shock and vibration and 
juipped with a double contact bayonet base, it cannot shak 
socket. For further information on the NE-79 glow lam; 
General Electric Company, Miniature Lamp Departmer 
Nela Park, Cleveland 12, Ohio 
neral Electric Glow Lamps have electrical characteristics 
mn serve aS relaxation osc illator, leakage indi ators, Swit¢ he Ss. 


or voltage indicators 


Progress /s Our Most Important Product 


GENERAL GQ ELECTRIC 


Product Engineering 


New Books continued 


terial will be more rigid than one de 
signed using a material of lower 
modulus. 

(4) The answer to the amount of 
weight that can be saved as predicted 
by the structural index approach is 
not complete. Once the material is 
chosen, careful selection of efficient 
configurations are required to utilize 
fully the weight saving anticipated 
Even so, it may not always be at 
tained if proper consideration is not 
given to the criteria of design in early 


stages of material selection 


Devices for Damping 
Mechanical Vibrations 


Compiled by Mitprep Benton, 8 x 
104 in., 94 pp, paper bound. Avail 
able from Office of Technical Services, 
US Department of Commerce, Wash 
ington 25, D.C. $2.75 


Vibration damping is the reduction 
of the response of a mechanical sys 
tem to a vibratory force. This is done 
by increasing the mechanical imped 
ince of the system, by energy dissipa 
tion, or by tuned attachments. The 
term is also applied to vibration isola 
tion, which is the reduction in eff 
ciency of vibration energy transmis 
sion by changing mechanical imped 
ince. Energy dissipation can be in- 


creased by (1) vibration dampers, (2) 


} > ’ 
connection damping, 2 material 


damping. 

This bibliography, covering the pe 
riod 1924—August 1956, includes ref 
erences to periodical articles and tech 
nical report literature that offer infor 
mation in damping devices within the 
field of reference outlined above. They 
were selected by a systematic search of 
numerous sources. Chronological ref 
erences are listed by author. An author 
index and a subject index are also 


included. 


Introduction to 
Printed Circuits 


Roperr | 
Corp., 54 x 84 in., 101 pp, paper 
bound. Published by John F. Rider 
Publisher, Inc., 480 Canal St., New 
York City. $2.70. 


Swiccett, Photocircuits 


Each of the printed circuits used in 
electronic equipment today is des 
cribed, along with its characteristics 


(Continued on page 184) 
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PIERCE & STEVENS 


CHEMICAL CORP. 


‘ADHESIVE 


ADHESIVES ¢ COATINGS 


DEVELOPMENTS 


COMPARATIVE 


ANALYSIS MASS PRODUCTION LAMINATING MADE 


POSSIBLE BY NEW CONTACT ADHESIVES 


Thanks to latest developments in the tops, porcelainized metal chalk boards, 


field of chemical bonding, mass produc honeycomb pat 


} 


tion techniques now prevail in more and trailer bod 


and more industrial laminating opera- HYBOND ™ 
tions. Inseparable in this trend are : —— : 
contact aanesives i these real 


ad 


HEAT RESISTANCE sprayable contact adhesives which pro- 


vantages 


vide fast drying, instantaneous bonds 
Plastic laminate bonded to wood. Speci 


Greater peel strength n laboratory 
men placed in oven under dead load in 


In consequence, these features eliminate 
and field bonds to 
shear. Temperature increased at constant 


rate until separation occurs. HYBOND 


the need for clamps, presses and com- 
. metal, 
plicated heat-curing schedules which spin 
56" provides greater resistance to sur- ' ’ the bond 
retard production ana increase COst 

face heats and the high storage tempera 


ture to which many finished products are burdens. Higher heat resistance — provides a 


subjected as greater safety factor when bonded 
Typical of these highly-functional, time- 


saving adhesives is HYBOND “56” 


products are exposed to high tem- 


cme . - peratures 
nr recently introduced by Pierce & Stevens 

; é eee: . io dead toad ws - c 
Chemical Corp HYBOND “5G” is a Greater dead-load strength yet suih 


fast-setting, sprayable, synthetic rubber ciently elastic to resist shock and 
fatigue 
speed production schedules involving HYBOND “56” is spray-applied — 


the bonding of a wide variety of dis- dries within minutes to the tacky con- 





— 


similar materials — plastic laminates, dition required for bonding — adheres 


plywood, steel, aluminum, fibreboard, instantly when the cemented surfaces 


PEEL STRENGTH 


rubber, leather, fabric, paper honey are joined. The final bond is odorless. 


Fabric-backed linole to steel , , <i 
ic-backed linoleum to steel. Peel comb, etc. HYBOND “56” has proven non-staining and highly resistant to 


strength determined on Scott tester. This 
chart demonstrates HYBOND's greater 
peel strength. At the end of two weeks 
the strength of the bond is greater than 
that of the linoleum 


particularly effective in the mass pro- moisture, oil, grease and many 


duction bonding of counter and desk chemicals 


Complete technical dataon HYBOND ' 
hands coup 


PIERCE & STEVENS CHEMICAL CORP. 
Dept. P-3 
710 Ohio Street, Buffaio 3,N.¥Y 


DRYING TIME BEFORE BONOUND 


Please send complete technical data on HYBOND °'56'’. Also send 
copy of comprehensive P&S Product Catalog as illustrated at left 


RESISTANCE TO 
DEAD LOAD 


Name 





Title 
Fabric-backed linoleum bonded to steel 
Specimen 1” wide subjected to dead load 
immediately after bonding. Demonstrates 
HYBOND's ability to offer greater 

sistance to “fight” of surfacing enact 
when required to conform to contour 


Company 
Address 


City 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| adhesive designed especially for high- 
| 
| 
| 
| 
| 
| 
| 
§ 
| 
| 
| 
| 
| 
| 
| 
| 
| 


,- 
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REEVES 


Sizes 200-300 Vari-Speed MOTODRIVES* 


*200-300 Size, 1 through 5 hp.; full line, 4 through 40 hp. 


“C” tlow—-Vertical “Z" tlow—Vertical 


oo 


~ 


2 
‘ 


- 
J 
~~ 


— 


— 
T- vs 


> 


: 


: « 
WM< mim a 
mm 
al 

Wilh tuiee +) 

$ 


The flexible design of these compact new REEVES 
variable speed power packages permits hundreds of 
combinations . . . space-saving, space-fitting stand- 
ard assemblies to meet most installation require- 
ments. All models are available in both “C’’ flow 
and “‘Z”’ flow styles. 

New increased capacity is built in the reducers—single, double 
or triple stages...new disc assemblies permit wider output speed 
ranges . . . discs are pre-aligned . . . pre-loaded spring maintains 
correct belt tension for longer belt wear . . . exclusive ‘“‘close- 
grooving”’ lubzication assures free sliding discs . . . new Meter- 
matic system automatically lubricates the motor and variable 
shaft bearings. 

Complete information on all phases of the versatile 200- 
300 sizes Vari-Speed Motodrives is given in new Catalog. 
Write for your free copy today—Dept. K32a-M571. 


REEVES PULLEY COMPANY 


Division of RELIANCE ELecteic ane, 


Columbus, Indiana 


New Books continued 


ind functions, manufacture and effect 
on service techniques. ‘The purpose of 
this book is to provide the engineer, 
serviceman or technician with a broad 
knowledge of the printed circuit field. 

Subjects included are: ceramic-based 
circuits; etched, plated, embossed, 
stamped, and other phenolic-based cit 
cuits; components for printed circuits; 
assembly systems, and servicing of 


these circuits 


Handbook of Linear 
Transducers 


Published by Automatic Timing @& 
Controls, Inc., King of Prussia, Pa 


8} x 11 in., 32 pp, plastic-bound. $2 


[his handbook provides theory and 
application data for differential trans 
formers. Characteristics of various dif 
ferential transformers and basic cu 
cuits are described, tabulated and 
charted. 15 typical applications are 


included. 


Introduction to Electrical 
Applied Physics 

N. F. Asrpury, 53 x 9 in., 241 pp 
Published by Philosophical Library, 
Inc., 15 E. 40th St., New York 16, 
VN. Y. $10 





During the past 25 years, electrical 
science has developed a new subject 
that is neither physics nor engineering 
of the ordinary type. In addition to 
new work, it involves revived interest 
in and applications of earlier works 


(Continued on page 187) 
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"Oh... Hello, Farnsworth . . . Here are 
a few things I borrowed while you were on 


| vacation.’ 


25, 1957 


Product Engineering — November 





TESTS PROVE ATLAS Sec%io%iseo 
DRIVE CUTS COSTS 100% 


LESS FRICTION ... HIGHER TENSILE... CORROSION RESISTANT 


Out of the modern laboratories of Atlas come results on grueling torture- 
tests of Atlas Electrolized Roller Chain. Proof that when used on power 
drives it outlasts others by as much as 100% . . . possesses a higher tensile 
strength than other corrosion resistant chain ... has a lower coefficient of 
friction to reduce power losses. 

Atlas Roller Chain, Sprockets and Flexible Couplings are precision 
matched to operate as a power team for peak efficiency. They are made to 
run quieter, last longer and require less maintenance. They are a power team 
to provide higher efficiency and longer life on every type of installation. 


ATLAS CHAIN AND MANUFACTURING CO., P.O. Box 708, West Pittston, Penna. 


Please send dote on 


POWER TRANSHVISSTON FRODUTS 
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WER SAVING TEAM 


ATLAS Etectroliged ROLLER CHAIN 


Available in all sizes for tiny timers to big 
tough multiple chain drives. Regular or heavy 
duty standard or extended pitch steel 
bronze or the new exclusive 
Atlas Electrolized Chain 


stainless steel 


ATLAS Balanced SPROCKETS 


Precision made to exact chain fit. Available in all 


sizes %" pitch to 2” pitch steel, stainless 


steel, bronze or Atlas Electrolized for longer life. 


ATLAS FLEXIBLE COUPLINGS 


Quiet running, ruggedly built for every drive. 
» OD. 


Available from stock—bore 14," to 3%," ° 


up to 7,4". 


e efficiency with 





y 


Complete Service 
from Designing to 
Moid Making— 





Over 35 Years of 
Specialization... 


Mack custom Molding service 
is based on more than a 
quarter century of specialized 
production for industry. 

Full engineering assistance 
includes choice of materials, 
recommendations on design 
for maximum economy. 


From Biueprints to 
Final inspection... 


Mack production is keyed to 
your requirements, assurance 
of deliveries that meet your 
assembly line schedules. 

Ask Mack to quote on your 
molded plastics, today. 
Please address: 

Mack Molding Company Inc., 
Wayne, New Jersey. 


MACK 


Sioce 1920 


MOLDED 
EXCELLENCE 


MACK MOLDING 
COMPANY « INC 
Genera! Offices & Main Plant 
WAYNE, NEW JERSEY 


Other Plants at 


ARLINGTON, —-¥€ 
ond WATERLOO, QUEBEC, 


CANADA 








if you have a bearing problem, 


62) here is 
=% Your 
answeY... 


You can solve your bearing problems in the research 
and development stages or on the assembly line by 
specifying custom-fabricated Flexible Bearings 

by Bushings, Inc. 


For when you design Flexible Bearings by Bushings, Inc. 
IN as original equipment you design noise, shaft-wear, 
vibration, shock and misalignment OUT. 


Flexible Bearings by Bushings, Inc. have a mechanical 
bond between the flexing medium and the inner and 
outer members. They are available in two types: 
TORSIONAL for oscillating movement; PROTECTIVE for 
insulating solid bearings against load, sudden shock, 
misalignment and noise transmission. 


Flexible Bearings by Bushings, Inc. are custom-fabricated 
to YOUR specifications—to do the job you want done, 


So, for fast, authoritative engineering help on your 
bearing problems or needs—on the production 

line or the drafting board—write Harvey G. Moore 
at the address below. 


For more than 15 years 
Bushings, Inc. has custom- 
fabricated bearings in a 
wide range of metals and 

sizes for hundreds of | Mounts dampen | PILLOW BLOCKS to 


vibration, permit shaft mounting. Has 


different manufacturers. precision leveling all Flexible Bearing 


of machines features 








— 
4358 COOLIDGE HIGHWAY + ROYAL OAK, MICHIGAN 
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New Books continued 


that had seemed to be nly 
demic interest. 

This book brings together the 
classical basis of the subject and the 
elements of some specialist topics, 





which, by the natural processes of 
technological evolution, are finding 
their way into all fields of applied 
science. Principles, rather than tech 
niques, are stressed 

Subjects discussed include the 
physical basis of the subject, electrical 
and magnetic fields and circuits, elec 
tromechanical and _ electro-acoustical 
systems, electron devices (tubes, tran 
sistors, photosensitive devices), and 


44 
electromagnetic waves and radiation. 


Rationalized M.K.S. units are used a2 DUTI-RATED GEAR 3 DUTI-RATED GEAR— 
throughout. 40 “si Hardened after cutting. 
- Precision processing per- 
38 - mits maximum hardness 
3.6 . while holding accuracy 


Manual of Mathematics i? within extremely close tol- 


- - erances. 
No. 781, 63 x 32 in., 334 Pp, loose 5 32 


leaf-bound, tabbed index. Published & 30 - ORDINARY HARD GEAR— 
Hardened after hobbing 
and shaving; hardness 


2.8 

2.6 limited to maintain reason- 
24 : able accuracy. 
2.2 
2.0 


by Lefax, Ninth and Sansom Sts., 5 ~~. 
Philadelphia 7, Pa. $4.25 ORDINARY HARD GEAR = 
The looseleaf manual includes the 


following subjects: Mathematic Re Q 


views, Logarithmic Tables, Natural 


'rigonometric Functions, Conversion Hardened before cutting; 
lables and Functions of Numbers. A 1.8 hardening limited to main- 


handy reference text in easy-to-us¢ 1.8 tain machinability. 


form for commonly used equations, (a 
. 14 ss 
functions and tables , ORDINARY GEAR | SOFT GEAR— 
Additional data sheets may be in 12 (D onan Low pace Seng 
. | 
cluded and blank pages inserted for 1.0 size required because 0 
0 S 10 15 2 2 3 35 40 45 50 55 60 low capacity. 
HARDNESS-ROCKWELL C SCALE 


ORDINARY GEAR— 


notes or comments 


Foamed Silicone and 
Polyester Sandwich Cores 


V. C. Serrernorm and | W 

Kuenzi, Forest Products Laboratory LINE-0-POWER Right Angle Orie 
for WADC, PB 121707, 84x104 in., 

25 pp, paperbound. Available from 

US Dept. of Commerce, Office of 

Technical Services, Washington 25, 

D.C. $0.75. 


This report covers compression, ten 
sion and shear tests made at tempera 
tures from 75F to 700 F on plastic 
sandwich with foamed-in-place cores 
Included are silicone cores of Dow 
Corning silicone resin R-7002, foamed Genta 

4 ; stands for the — a 


: 4 oa ~ ? 
to ign ~eper from “00 to | ? finest indestrial 7)‘ 
lb per cu ft, and a triallyleyanurate gearing made estar! O 
modified polyester resin, Laminac ated a 

, UFETIME SEARING —> > 
4231, reacted with two, four-toluenc _/8 3 Beller Power Thanlbwlission Through Beller Gears 


7 op oad “py hewoge densities . — <a = =i FOOTE BROS. GEAR AND MACHINE CORPORATION 
) Yand 12.2 Ib per cu 


4567 South Western Boulevard Chicago 9, Illinois 


Worizomtal GEARMOTOR Speed Reducer 


Write for DUTI-RATED Gear and LINE-O-POWER Catalogs. 
See how you can get more for your drive dollar. | 


——— 
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SAVE MONEY 
Sutteh to 
STAMPINGS 


ENGINEER IN STAMPINGS—INCREASE PROFITS. 
A good solution to 
designing and cost problems is 
through the use of Advance 
metal stampings which cut 
material costs, labor costs 
and assembly costs. 


STAMP CRITICAL METAL 
PARTS TO IMPROVE YOUR 
COMPETITIVE POSITION 


These ore actual size 


Advance stampings which 


soved production costs 


Another Stamping 


® MAXIMUM 4” BLANKS 
@ MAXIMUM 2%" DRAW 
® CAPACITY TO 65 TONS 


Since 1922 many and varied metal working industries 
have used Advance services for “clicking” out metal 
stampings in high and medium production volume. 
Small stampings of all materials are fabricated to meet 
tolerance specifications, delivery and price. 





Send us your blue prints or for quotati 
Advance Engineers are available to be of help with 
your costs, design modification and general improve- 
ment of your competitive position. 


Write for Small Stamping Specialists Brochure 


ADVANCE STAMPING CO. 


12029 Dixie Ave., Detroit 39, Michigan 


How to keep informed 


on the 


part of your business 


AT YOUR FINGER TIPS, issue after issue, 

is one of your richest veins of 

job information — advertising. 

You might cali it the “with what” type — 

which dovetails the “how” of the editorial pages. 
Easy to read, talking your language, geared 
specifically to the betterment of 

your business, this is the kind of practical 

data which may well help you do a 

job quicker, better — save your company money. 


Each advertiser is obviously doing 

his level best to give you helpful information. 
By showing, through the advertising pages, 
how his product or service can benefit you 
and your company, he is taking his most 
efficient way toward a sale. 


Add up all the advertisers and you've got 

a gold mine of current, on-the-job information. 
Yours for the reading are a wealth of data 
and facts on the very latest in products, 
services, tools . . . product developments, 
materials, processes, methods. 


You, too, have a big stake in the 
advertising pages. Read them regularly, 
carefully to keep job-informed on the 
“with what” part of your business. 


McGRAW-HILL 
PUBLICATIONS 
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OUR READERS 


SAY. we. ce cee! 


Letters should be addressed to the 
Editor, Product Engineering, 330 
W. 42 St., New York 36, N. Y. 


Make Salaries Known 


lo The Editor: 

I was intrigued by the letter “The 
Salary Problem” (Oct. 14°57, p. 195 
from Mr. John D. Kemper of Mar- 
chant Calculators, Inc. Among other 
things, Mr. Kemper decried the psy 
chological effects on engineers which 
resulted from publishing salary curves. 
He proposed that salary curves be kept 
confidential for management use only 
I'he inference here is that when man- 
agement has the facts they will take 
care of the engineers’ welfare and the 
engineer need not concern himself 
with these matters. This is another 
restatement of the age-old cry, “Let 
the engineer worry about his work 
and management worry about his wel 
fare and everything will work out fine” 
(for management 

I strongly object to this philosophy 
as not being in the best interests of 
either the engineering profession or its 
emplovers. In the first place, one of 
the most satisfying things to me about 
the salary structure of our profession 
is the tremendous salary differential, 
which exists between the lowest-paid 
engineer at a certain experience level 
and the highest-paid engineer at the 
same experience level. Some people 
view this differential as being an 
appropriate evaluation of the different 
contributions made by different engi- 
neers. I view it in an entirely different 
light. I view it as a continuous incen 
tive for each engineer to work harder 
and do higher-quality work. Obvi 
ously, the salary differentials have zero 
value as incentives unless the engineers 
are aware that these differentials exist. 
When an engineer who is making 
$600 per month has concrete evidence 
that his own employer is paying engi- 
neers, at the same experience level, up 
to $900 a month and is content to pay 
others as low as $400 per month, he 
can translate this directly into the 
quantitative difference his own reat 
incentive. The old saying, “The sky 


(Continued on page 193) 
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THERMOSTATIC 
BIMETAL 


ACTUATES ANOTHER 
PRECISION PRODUCT... 








ow . = 


A Product of 
Stevens Mfg. Co., Inc. 
Mansfield, Ohio 


THE STEMCO THERMOSTAT 


Brewing Good coffee becomes less of an art and more of a science 
when it’s done in percolators equipped with Stemco Snap-Acting 
Thermostats. They’re designed to permit rapid heat transfer by 
both conduction and radiation, giving prompt response and close 
control with minimum temperature variation. This new Type A, 
high quality, high capacity thermostat (up to 1600 watts, 115 volts) 
is but one of a wide variety of thermostats made by this well-known 
control manufacturer. 


Stemco quality manufacture is aided by use of Chace Thermostatic 
Bimetal, long synonymous with the finest in the field. Precision- 
rolled by Chace to the closest tolerances — specially processed to 
prevent metal separation — tested under various conditions — and 
carefully inspected, Chace Thermostatic Bimetal provides fast 
response and positive temperature control. To hundreds of leading 
manufacturing firms the name Chace means the finest, result of 
over a third of a century’s experience as producers of precision 
bimetal exclusively. 


Remember CHACE THERMOSTATIC BIMETAL when you de- 
sign for temperature actuation or indication, or for protection of 
equipment. Available in 28 types, in strip, coil, or completely fabri- 
cated and assembled elements made to your specifications. (We 
do not manufacture complete controls or any other devices in 
competition with our customers.) Write today for new 44-page 
booklet, “Successful Applications of Chace Thermostatic Bimetal”, 
containing interesting applications and many pages of data of use 
to design engineers. 


W. M. CHACE CO. 
Thevnorstalic Bimelal 


1607 BEARD AVE., DETROIT 9, MICH. 





Please accept any one of these 
three books AS A GIFT—witl 


your first selection chosen from 
the books listed in the coupon 


We invite you to look over these 
fourteen books in the coupon 
They are important technical 
books indispensable to a field so 
dynamic that even the well-in 
formed can hardly keep up. And 
they suggest the quality of the 
volumes that will be made avail 
able to you as a Club member 


Membership in the New Mc 
Graw-Hill Mechanical Engineers 
Book Club is easy and economi- 
eal. The Club will bring to your 
attention outstanding books in 
your field that you might other- 
wise miss. Possibly just one idea 
from one of these books could 
mean more to you in actual dol- 
lars and cents than many times 
the cost of the book. And you 
may obtain any or all selections 
at substantial savings. 


How the Club operates. The 
Club will describe all forthcom- 
ing selections to you. Every sec- 
ond month you will receive free 
of charge The Mechanical Engi- 
neers’ Book Club Bulletin. This 
gives complete advance notice of 
the next main selection as well 
as a number of alternate selec- 
tions. All books are chosen by 
editors of the McGraw-Hill Book 
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Take any One 


of these three books 


FREE 


with your first selection and 


charter membership in the McGraw-Hill 








COMPRESSED AIR HANDBOOK 
or Publisher's Price $8.00 


METALS PROPERTIES 
or Publisher's Price $11.00 


TOOL ENGINEERS HANDBOOK 
Publisher's Price $15.00 

















Mail to: The McGraw-Hill Mechanical ‘me Book Club 
330 West 42nd Street, New York 36, N. P. O. Box 97 


Company whose thoroqughgoing Please enroll me as a member of the Mechanical Engineers’ 
inderstanding of the standards Book Club. I am co receive FREE the book I have indi 
and values of technical literature ated along with my first selection checked below. You will 
1} sehachis <seleiiacidied ° bill me for my first selection only at the spec al club price, 
will be your guarant = ae ‘ plus a few addi tional cents for postage and handling. (The 
th tiveness of th selecti , Club assumes this charge on prepaid orders 
‘rom this point on, the choice i Fortt nin elections will be described to me in advance 
yours If you want the main and I y decline « book. I need take only 3 selections 
selection you do nothing; the or alternates in i2 months of membership 
book will be mailed to you. If Compressed Air Handbook, 2nd [) Principles of Metal Casting by 
you want an alternate selection kd by the Compressed Air and Richard W Heine and Philip 
‘ if : y " b k * all Institute. Publisher’s Price, Cc. Rosenthal. Publisher's Price 
or if you want no book at all ; ). Club Price, $6.80. $7.50. Club Price, $6.40 
for that two-month period, you Metals Properties sponsored by Contracts, S$ fi 
s ‘ > ° pecifications and 
notify the Club by returning the a oa, Price, $935 Engineering Relations, 3d Ed 
form and postage-paid envelope } Tool E H by Daniel Mead Age : 
00} ngineers andbook spon Price, $7.00. Club Price, $5.95. 
which is always enclosed with sored by the ASTE. Publisher's . 
Bese Price, $15.00. Club Price, $12.75 O Fundamentals of Vibration 
your Bulletin (1) Mechanism by Joseph S. Beggs Analysis by N. O. Mykiestad 
, . I ar’ i 7 ~ublisher’ s . $6.50 Club 
We ask you to agree only to the — — 40 Price, $7.50 Club me 50 Prise, 96.0 - 
purchase of three books a year C) Piping Handbook, 4th Ed. by © Controt of Nuclear Reactors 
Certainly out of the large num- A n Oe ee Price, and Pewer Plants by M. A 
ber of bo 3 , »] re $12.00. Clu ce, 0 Schultz. Publisher's Price, $7.50 
ber of books in your fie r = red (] Structure of Metals, 2nd Ed., (iub Price, $6.40 
you in any twelve months there by Charies Barrett. Publisher's 
will be at least three you would Price, $11.00. Club Price, $9.35. Fe ane — 
, aa : () Water Conditioning for Indus- S. Maliette, Publisher's Price 
buy in any case. By joining the try by Sheppard Powell. Pub 37 50. Club Price, $6.40 ' 
Club you will save, in cost, about $8.50. s Price, $10.00. Club Price, “ Mode : Physics to the E 
e sn: nea “ . a? 8.50 erm ysics for e ngi- 
15 per cent from the publishers Dynamics of Machinery by neer edited by Louis Ridenour 
prices James Hartman. Publisher's Price, Publisher's Tice, M Club 
7.5 Club Price, $6.40. Pr 6.80 
Reach for your pen right now a P . § ms 
and fill out the coupon. You need No-risk guarantee. If not completely satisfied, I may return my first 
send no money now. By taking shipment within 10 days and my membership will be canceled 
advantage of this special intro- Name (Please Print) 
ductory offer you will receive 
absolutely FREE a copy of the addres 
Compressed Air Handbook, or , Zone Stat 
ity Ay g te 
Metals Properties, or the Tool | 2 
Engineers Handbook, together This offer is available on the United States and its possessions 
with your first selection—at the In Canada write — 1 Canada, 253 Spadina Road, Toronto ¢ 
special club price. 











So mail the coupon today! 
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Low pressure 


shaft seal 


Outboard bearing 
grease fitting 


Hardened 
drive shaft 


Tapered rolier 
thrust bearings 


High pressure 
shaft seals 


*O" ring seals— 
two for each motor 
See 


Heavy duty gear bearings— - 
four to each motor 
a3 








Helical drive and 
driven gears — one 
for each motor 


Patented wear plates— 
two for each motor 


COMMERCIAL'S MODEL “H’ FLUID POWER MOTORS 


New ideas in fluid power motors 


Multiple-speed drive simplified 


Efficient operation of heavy mobile 
equipment frequently involves multi- 
ple speeds. Not so efficient, however, 
is the shifting of gears, the power 
take-offs, clutches and gear transmis- 
sions involved in gaining these 
desired speed levels with mechanical 
drives—not to mention the constant 
maintenance headaches these same 
drives entail. 

Pictured above is one Commercial 
fluid power oil-hydraulic motor that 
now delivers low and high speeds 
efficiently—completely eliminates the 
problems mechanical drives ordi- 
narily involve. 


Two motors work in tandem 


This Commercial Model “H” tandem 
motor actually involves two single 
motors of equal output mounted on 
one common drive shaft. When fluid 
power from the pump source is 
directed by simple valving into just 
the shaft 
rotates at the high speed. The other 
shaft 
receives no input and therefore 
merely turns. When low speed is 


one of the single motors, 


single motor on the same 
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required, the total fluid power 
delivery from the pump is valved into 
And of 
course motor torque at this reduced 


both of the single motors 
speed is doubled. This simplified 
control of two speeds both low and 
high—is possible in either direction 
forward or backward 


Each of the single motors in this 
Model “H” 
inch gears. With a fluid power input 
of about 15 gpm at 1200 psi, for 
when one of the single 


tandem motor has one- 


example, 
motors receives the entire input, rota- 
tion is 1200 rpm. When the same 
input is split between the two equal 
size single motors, rotation is 600 rpm 


Model “H” 


motors are available with 


* aoe 
Sen om « 


gears in widths of 1”, 1% 
2! Any combination of gear 
sizes is practical. 


>” and 3”. 


More than two speeds 

Even three speed operation can be 
obtained with Commercial double 
tandem motors when gears of differ- 
ent widths are used in each single 
motor. High speed operation results 
when the full pump delivery is valved 
to the motor with the smaller gears, 
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intermediate speed when it is all 
directed to the larger gear motor, and 
slow speed when valved to both 
motors. One 


single motor having 


three-inch gears operating at 1600 

si at a speed of 1200 rpm would 
t 

develop about 50 


Model “H 


for continuous duty operation at pres- 


h.p. Commercial 
motors are recommended 
sures up to 

to 1800 rpm 


2000 psi and speeds up 


Engineering help available 


Be sure to send for your copy of 
s“Oil-Hydraulic Motors 
Further 


Commercial 
Catalog H- 


on Commercial’s complete line of 


nformation 
other fluid power components - 
valves, pumps and cylinders—is also 
yours [or the asking, as is technical 
help and assistance from Commercial 


on fluid power applications 


Address inquiries to The Commercial 
Shearing and Stamping 
Dept. G-48, 


Company, 


Youngstown 1, Ohio 


LOMUERCTIAL 
shearing and stamping 





UNGROUND 
BALL BEARINGS 


For All Industries 


ik AN 


Long life and service are assured you because — 
1. All component parts are machined from steel bars. 
2. Each component part is properly heat treated. 
3. Every Kilian Bearing is designed for a specific application. 
Neoprene and Nylon tired outer races are avail- 
able where quiet operation is desired. 





Distributors in All Principal Cities Catalog on Request 


KILIAN MANUFACTURING CORP. 
SYRACUSE, NEW YORK, U.S. A. 


ASSOCIATED Kilian Manufacturing Corp. Fischer Bearings (Canada), Ltd. 


MPA ‘ (Canada), itd 240 Fleet St. East, Toronto 2B, Ont. 
co. NIES 240 Fleet St. East, Toronto 2B, Ont. . 


Kilion Steel Ball Corporation 
100 Wellington St., Harttord, Conn. 








Let me give you 


this NEW r NEW AIR FILTER CLEANS ITSELF 


fact-packed 
forging guide 





“pulse-type” action keeps 
Automaze clean as new 


Exclusive “pulse-type” action 
is the secret of the new Auto- 
maze air filter. While each 
panel in the revolving curtain 
is submerged in the cleaning 
tank at the bottom, it is agi- 
tated vigorously 6 or more 
times by a compressed air 
drive. This cleans each panel 
thoroughly as well as com- 
pletely renewing the adhesive. 
Result: Automaze stays clean 
as new! 

New Automaze goes 3 to 6 
: months without attention —a 
If you buy or specify forgings, write for this fact- Li ii big ee ee, 
packed AmForge book. Its 16 pages show how - | Bs p= a poste yp teeter eel 
your company can benefit from better AmForge 


: : “aan 6 months, all you need do is 
research, engineering and control. You’ll see that remove the sludge. A special 


all this adds up to the kind of “service” you \ #4 reservoir cover makes this a 
need for production quality and economy. Either A Je: AG quick, simple operation. 
circle the number on the magazine service card or FREE BOOKLET: Send for free 
write AmForge, Dept.PE10, 157 N. Wacker Dr., booklet for full details on the 
Chicago 9, Illinois. PZ new Automaze. Write: 


ZF AIR-MAZE CORPORATION 
6 Mm) an iste RG E Brake sho t 25000 Miles Rood 









































Cleveland 28, Ohio 
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Our Readers Say continued 
is the limit. Work real hard and vou 
will earn more money” is not an in- 
centive. 

Mr. Kemper, however, does have a 
point. Since engineers have not vet 
become accustomed to thinking of 
themselves in terms of their position 
in a salary spectrum, many engineers 
are needless] upset when they discover 
that their salary places them in the. 
say, lower decile. There are, however, 
two solutions to the “a little knowl- 
edge is a dangerous thing” problem. 
Mr. Kemper favors the elimination of 
that “little knowledge.” I favor the 
extension of that “little knowledge” 
into a complete understanding. 

Although we cannot measure them 
with precision, we do know that there 
ire substantial salary differentials 
which do exist between various em- 
ployers of engineers, even for engi- 
neers whose abilities and responsibili 
ties do not differ. These differentials 
were created and maintained in an 
environment in which management 
was aware of the differentials. This 
was precisely the environment which 
Mr. Kemper now proposes to re-estab- 
lish. Since he proposes no different 
solution to the problem of differentials 
we presume that he would be satisfied 
if such inequities were to continue in 
definitely. I am unable to see how any 
true friend of the engineering profes 
sion could fail to be distressed by 
differentials based on anything except 
ibility and responsibility. 

It is well to keep in mind that 
ignorance is an absolute prerequisite 
to the perpetuation of unwarranted 
salary inequities. I therefore suspect 
that any person who favors ignorance 
is quite likely also to favor the con- 
tinuation of unwarranted inequities. 

JosEpH AMANN 
President 
Engineers and Scientists of America 


Who Should Be Called 
an Engineer? 
To The Editor: 

Commenting on your editorial in 
the Sept. 30 issue (p. 69), it seems to 
me that many of our present difficul- 
ties are in considerable measure due 
to the conferring of “Industrial De- 
grees” where job titles having a pro- 
fessional flavor have been adopted. 
Strictly speaking, a man is an M.E., 


(Continued on page 194) 
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TimMmMeR 


From ANY point 


...it's HAYDON 


for timing devices 


If you’re looking for a complete product line that includes 
Timing Devices for every application requirement and, 
in addition, features the highest quality and most 
advanced design at the lowest possible cost, HAYDON 
has it! And all Haydon timing devices incorporate the 
famous Haydon hysteresis and /or inductor timing motors 
available for 50, 60, and 400 cycle and DC power supplies 


If you’re looking for a complete service to meet all your 
timing needs, HAY DON offers fully integrated engineering 
and manufacturing facilities ready to take your timing 
projects right through from design and development 


to finished product! 

And if you’re looking for a complete Field Engineering 
Service to make all these facilities conveniently available, 
you'll find there’s a HAYDON Timing Specialist in 

your area, a man fully qualified by training and experience 
to help fill your Timing Device needs. Why not phone him 
today and make an appointment to discuss your requirements? 


HAYDON 


AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORPORATION 





HEADQUARTERS FOR HAYDON Manufacturing Company, Inc. 
TIMING 3135 ELM STREET, TORRINGTON, CONN. 
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e 
Woven Wire Belts 
give you 
fast, economical 
processing 


Using woven wire conveyor belts to 
move products through all phases of 
your manufacturing operation helps 
speed processing and cuts costly 
batch handling. Food products, 
chemicals, plastics, metal parts, 
ceramics or glass can be treated 
faster and easier with a continuous 
belt-to-belt flow through the plant 
on woven wire belts. Controlled belt 
speeds through any type of opera- 
tion .. . hot or cold, wet or dry... 
help increase product uniformity 
and maintain capacity production. 


EXAMPLE: 


MOVING BELT carries hot candy 
through cooling tunnel in a steady stream. 
Free circulation of air through open mesh 
speeds cooling pfocess. 


ALL METAL BELT cannot absorb odors 
. remains unaffected by processing 
solutions, 2100°F. or sub-zero tempera- 
tures ... gives longer life because there 
ore no seams, lacers or fasteners to 
weaken or break. Rust-proof alloys 
maintain sanitary requirements. 


OPEN MESH also provides free circula- 
tion of heat or cold, free drainage of 
process solutions. Broken bits or chips of 
the product fall through the open mesh 
to maintain product uniformity. 


SPECIAL RAISED EDGES or surface at- 
tachments are available to hold products 
on belt during inclined travel. 


Cambridge Woven Wire Conveyor Belts are 
@ practical and economical means of com- 
bining movement with processing in any 
type of industry ... food, chemical, metal- 
working, glass or ceramics...on all types 
of machines for your own operation or for 
resale. Cambridge Woven Wire Conveyor 
Belts are made in any size, mesh or weave, 
from any metal or alloy to do the job you 
want... hot or cold, wet or dry. Call your 
Cambridge Field Engineer to discuss how 
you can get fast, economical processing 
with woven wire conveyor belts. Look 
under "Belting, Mechanical” in the Yellow 
Pages. Or, write for FREE 130-PAGE 
REFERENCE MANUAL. 


The Cambridge Wire Cloth Co. 


\, WOVEN WIRE | 


+4 


OFFICES 


CONVEYOR 
BELTS 


+ + 


+ FABRICATIONS 


Department P, 
Cambridge 11, 
Maryland 


WIRE 
CLOTH 


IN PRINCIPAL INDUSTRIAL CITIES 
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| | mot , etc., by 
degree conferred by 
stitution of learning 
B.S degree he is not an « 
though he has attended 
ing school, or has attain 
rank 

Fifty vears ago, most men who held 
title of hief Engi 


neer’ were graduate en 


the company 
Since 
using he word 
instead of 


ympetence 


then, the custom of 
“Engineer” as a job title 
evidence of professional 
has become widesperad parth 


through 
ignorance and partly through the de 
sires of smaller men t 
ties, to which thev ar 
Chis same element of 
the general abandonment 
signations as M.E. or E.1 
ind personal cards; be 
sidered to be “high hat 
American.” Ihe 
men” were delighted 
irv degrees regardless 
red them. 
When I was sent t 
1 few vears ago, I was 
told that mv card sh 
initials indicating 
chievements, and that 
in M.E. and not a B.S 
introduced as “Doct 
expect and insist on 
is “Doctor,” particularh 
iates and subordinates 
With respect to Eng 
on, as covered bv tl 
iws, it shows some 
encies. One group wishes 
1 super union, other 
professional competan 
states, the courts have 
its use to fields of publi 
in none is it required 
ness. Some states 
ittempt to reserve 
tered in that state 
the using of the w 
inv one not registel 
have eliminated use 
Heating Engineer.” Ex 
1 means of certifying the mpetence 
yf the self-educated man would be a 


stem of local 


engineel 


iluable service. As a 
labor ™ mopoly it reduces the 
to the status of a barb« 

With 
unity, the subject of vour 


reference t 

improvement will come until the engi 
neers themselves recognize and respect 
each other’s education and _ profes 


(Contiued on page 197) 
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buy O-rings blindly! 


Prove by comparison tests 
that Parker 0-rings 


seal better, 


Comparison tests will show you 
that Parker O-rings are better. You 
can’t see the difference. You can’t 
feel the difference. But in use, 
Parker O-rings actually do seal 
better and last longer! 

Why? Because Parker O-rings 
are precision-molded of superior 
compounds developed by exhaus- 
tive research and experimentation. 
Our engineering service will help 
you with your particular problems 
— whether in gland design or com- 
pound. From Parker, you get the 
right O-ring for your specific appli- 
cation. Compare Parker O-rings and 


last longer 


discover the difference for yourself. 

These trouble-free, leakproof 
seals are carefully evaluated for 
elongation, tensile strength, com- 
pression set ratings, resistance to 
oils, fuels, chemicals and tempera- 
ture extremes. Exacting laboratory 
and service tests make sure that 
Parker O-rings meet applicable 
specifications. Whatever your re- 
quirements, Parker can supply the 
O-rings you need. 

Ask your Parker O-ring distrib- 
utor today for new O-ring Size 
Catalog or mail the coupon for 
your copy. 


RUBBER PRODUCTS DIVISION 


Parker sa tetevatiite 


ae -lehah seal -lelel-] aia Mie Olle Mr -t\2—-taclaal— 
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Parker O-Lube is especially 


handy, squeeze-tube container. 


RUBBER PRODUCTS 
DIVISION, Section 525-CC 
Parker-Hannifin 
Corporation 
17325 Euclid Avenue, Cleveland 12, Ohio 
1538 South Eastern Ave., Los Angeles, Cal 
Please send 
O-ring Size Cate 


O-l 


formulated 
Q-ring lubrication requirements. It comes in a 


tor 





a i G NEW. 
a “NEW — 
7 [i \ \™ 


4-Cycle, Single Cylinder 
Air-Cooled Engine 


Model AGN 
Engine with 
Clutch Assembly. 
Also available 
with stub shoft 

or with Reduction, 
Clutch Reduction 
and/or Electric 
Starting. 


WISCONSIN 
12’2 hp Model AGN 
..- by Engine Specialists 


It takes full-time engine “know-how” and full-scale 
engine manufacturing concentration to design and 
produce engines of outstanding character and Per- 
formance Ability. 

The new Wisconsin Model AGN 12% hp. engine is 
the product of this unbeatable combination. Engine 
specialists designed it. Engine specialists are 
building it. 

So you don’t have to be an engine expert to buy, sell 
or use it. The “specialization” factor is an accom- 
plished fact . . . taken care of right here at Air-Cooled 
Engine Headquarters. 

Backed by an exclusive engine designing and pro- 
duction background dating from 1909 plus today’s 
most advanced engineering knowledge and technique, 
this new engine is destined to become another 
BIG winner! 

Putting 12% hp. into a single cylinder air-cooled 
engine calls for basic High Torque...the load-holding 
Lugging Power that keeps the equipment working 
through sudden shock loads. It also calls for heavy- 
duty construction in all details . . . plus dependable 


cooling under all weather conditions from sub-zero to 
140° F, (60° C.). 


Bulletin $-216, just off the press, will give you 
details about the Model AGN. Write for it. 


WISCONSIN MOTOR CORPORATION 


MILWAUKEE 46, WISCONSIN 


\ | /,\ what... 
| 7-minute delivery 
of etched, anodized 
| metal nameplates? 
Sounds impossible, BUT... 


| 

with Miller Dial’s revolutionary new Fotofoi 
Kit, short run problems for nameplates, dials, 
panels, schematics and templates, are solved in jus! 
7 minutes...and it's all done in your own plant! 
Fotofoil Kit requires no darkroom, skilled technicians 
or photographic equipment. This self-contained kit 
includes all necessary chemicals, equipment and 
Fotofoil to produce top quality product identification 
...in just a few easy steps! Fotofoil is supplied in all 
standard anodized colors and thicknesses from .003. 
Designed for ‘‘crash’’ programs, research and devel- 

opment departments, prototype models. 


Territories open for Industrial Suppliers 


MILLER DIAL & 
NAME PLATE CO. 


4400 N. TEMPLE CITY BLVD., EL MONTE, CALIF. 
Offices in principal cities 


KNOW Hoy 
..-HAS MADE 


DUDEK & BOCK 


“ll 


pf CSS 


Wr 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
. withstand stress . . . and 
perform under the most 

trying conditions! 


pEEDY DELIVERY 


WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates 


DUDEK & BOCK 


SPRING MFG. CO. 
4014 W. Grand, Chicago 51, Ill 


=— 


DICKENS 2-1020 
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Our Readers Say continued 


sional competence regardle f the 
size of the pay check. No organization 
or group of organizations can do thi 
for them FRANK MARINDEL} 
Chief Engineer, 

Ferracute Machine ¢ 


What Is an Engineer? 
To The Editor: 

In the Oct. 21 issue Mr. Albert 
Damelio asks, “What | n Engi 
neer?”’ Perhaps he will accept one 
or more of the following 

1. An engineer is a mechanical 
genius who refuses to recognize his 
own ideas when confronted with them 
on paper. 

2. An engineer is a person who 
passes as an exacting expert on the 
basis of being able to turn out with 
prolific fortitude infinite strings 
incomprehensible formulas calcul 
with micrometric _ precision 
vague assumptions which are bas 
on debatable figures taken from in 
conclusive experiments ried ou 
with instruments of problematical a 
curacy bi persons of doubtful reli 
ibility and questionable mentality f 
the avowed purpose of annoying 
confounding a hopeless chimeri 
group of fanatics referred to all 
frequently as engineers. 

3. An engineer is a man who 
do what he wants with what he’s 


4. An engineer is a man who can 


do with one dollar what any d—n fool 
can do with two 

5. He who works with his hand 
is a laborer; he who works with his 
hands and his head is an artisan; but 
he who works with his hands, his head, 
and his heart is an engineer. 

6. The engineer is, by aptitude and 
training, a creative person who is 


pr 
that most times are unique and 


parently insoluble. In so doing 


able to generate solutions to lems 
n rit 
must often conduct research and ex- 
perimentation on new ind unproven 
ideas, materials and techniques. As a 
result, the value of the engineer can- 
not be measured by salary, seniority, 
rank or other such trivial criterion, 
but rather by this ability to generate 
ideas, conduct experiments, invent 
new devices, and efficiently utilize the 
materials and techniques available to 
him. 

Unfortunately, I have not kept a 


(Continued on page 198) 
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SPRAC 


full cone spray nozzles 


In STOCK the most complete range 
capacities available anywhere 


IN BRASS, BRONZE, STAINLESS STEEL, 
special order) in any machineable metal 


PATTERN uniform, even distribution wide 
down to sharp angle. 


REPLACEABLE CORE in spraying highly corr 


liquids at high pressures worn cores are easily replaced 


FLAT SPRAY and HOLLOW CONE SPRAY )ho7z 
are also available from stock. 


For complete catalog, write: 


SPRAY ENGINEERING COMPANY 


133 Cambridge St., Burlington, Mass. 





HELI-COIL’ sets... 


PART OF AMERICA’S 
SUPERSONIC 
“SUNDAY PUNCH”! 





Heli-Coil Screw-THREAD and Screw- 
LOCK Inserts are used throughout 
Convair's B-58 ‘‘Hustler’’. They 
help combine lightness with excep- 
tional strength and rigidity in the 
power plant, fuselage, wings, con- 
trol surfaces and electronic equip- 
ment. This adds up to rock-solid 
structural security for the nation’s 
newest and fastest bomber 


HELI-COIL Screw-THREAD Insert provides stainless steel threads that per- 
manently resist wear, corrosion, stripping, galling and seizing . .. hold fast 


under vibration and shock. Conforms to military standards and all stand- 
ard commercial and industrial thread forms 


HELI-CO/L Screw-LOCK* Insert . . new one-piece design provides all the 


integrated locking feature that eliminates need for lock-nuts and lock-wiring 

permits repeated disassembly and reassembly with locking action re- 
maining unimpaired. Meets military specifications for locking torque and 
vibration 


> 
SZ advantages of the Screw-THREAD Insert plus an exclusive internally 
SS 
Ye 
7 
= 


*Pat. App. For 
Write for detailed information. 


HELI-COIL CORPORATION 


611 Shelter Rock Lane, Danbury, Conn. (A Division of Topp Industries, Inc.) 
In Canada: W. R. WATKINS CO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 


y 
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Our Readers Say ; . continued 


record of the sources of each of the 
ibove so no credits can be given. My 
logies to each of the originators. 
to a motto for engineers, I sug- 
gest, from Goethe, 
“If the hand and eye you deftly train, 
Firm grows the will and keen the 
brain.” 
M. M. Earu 
Chief Naval Architect 


lo The Editor: 
Mr. Damelio requested a definition 
f an Engineer (Oct. 21, p. 54). We 
ubmit the answer that a “profes- 
sional engineer is a licensed engi 
Since more than one-third 
the engineers in the country are 
stered, it is no longer debatable 
to whether registration is neces 
We do not believe registration 
vas necessary for engineers whose em 
ployers took the responsibility to the 
public for the product, but a majority 
elieve registration is necessary for 
professional recognition and advance 
nent of the profession 
Ihe National Society of Profes 
ional Engineers has grown from 
3,000 to 42,000 qualified, licensed, 
professional engineers in the past 13 
vears. We suggest Mr. Damelio join 
us and resolve his dilemma of how 
t recognize an engineer! 
Pure C. Ross, P.I 
Chmn. Engineer-In-Industry 
Committee 
New Tk society of 


Let’s Educate the Public 


lo The Editor: 

“Tt’s what we do next that counts.’ 
Oct. 21, p 17). This is true but 
vhat we do next depends on what the 
American people demand. We, the 
general public can, if we will, dictate 
the actions of our government. We 
ire a vast group of people with heads 
full of scientific misconceptions. Such 
general ignorance is responsible for 
placing our scientists m a class of 
weird people to be mistrusted and 
have their warnings taken lightly. If 
the American public is so complacent 
ind unmoved it’s not surprising that 
the administration and the govern 
ment that represents the people are 
ilso complacent. As your editorial 
brought out, it won’t be long before 


(Continued on page 201) 
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PROFIT 


How would you make 300 joints 


involving 6 different metals? 


Air Products, Inc., Allentown, Pa., does it with silver brazing 


Here you have an air separator that produces tonnage quantities of oxygen 
and/or nitrogen for industrial uses. Its components are made of Type 304 
stainless steel, cast bronze, brass, copper, copper bronze and Carboloy 
? Joints range in size from less than “4 inch to 54 inches in diameter. Metal 
Joinine Heat-Exchanger Tubine To thicknesses vary from .025 to 1% inch. In operation, the separator is 
] ader Ring é g tez yn aa ~ , . 
= Hea ‘ Ru Br izing team : exposed to temperatures ol 300°F and pressures approac hing SUUOU ps! 
8 closely spaced tubes to header . ) , 
Complex? You said it and when you take everything into consideration 
ring of heat exchanger. Degreasing : 
and fluxing with Handy Flux takes 
place betore ssembly Easy-FLo 
: } . best way to do it. 


35 is hand-fed; heating is Oxy 
Air Products handles these multiple production problems with speed 


— range of metals, operating strength, metal thickness, joint sizes, produc- 
tion speed and economy — Handy & Harman silver alloy brazing is the 


acetylene. Two operators braze 
complete assembly in 35 minutes and dispatch. Illustrated are three examples 
[his operation typifies the versatility of Handy & Harman silver alloy 
brazing. Here is one method doing a wide variety of jobs. It is doubtful 
whether any other existing method could be used to the same effect on an 
assembly line basis. It can do as much for you 
Look into Handy & Harman silver brazing. We'll work clo 





Brazine Tube Sheet Into Sleeve: In- 
volves a hermetic joint between %4 
in. thick copper tube sheet and the 
inside wall of a copper-bronze 
sleeve. Operators work as a team, 
one face-feeding the Easy-FLo 35 Six-Piece Expansion Valve Assembly hour, more than three times the form- 
Joined In One Operation: Drawing of er rate with hand torches. Multiple 
burners are used to reduce heating 











wire from the front, partner heats 
from the back to draw molten alloy valve assembly shows locations of 5 
through. On some units joint is 112 preplaced rings of Easy-FLo 3 and time 
in. thick, 170 in. in circumference. Easy-FLo 45. Rotary table silver Burners can be repositioned and more 
Average time 30 minutes per joint. brazes about 20 expansion valves an burner stations added 


for the heavy brass parts 


Bulletin 20, to begin with ‘ 
This concise bulletin introduces Source of Supply ond Authority on Brazing Alloys 


brazing OFFICES ond PLANTS 


you to silver alloy 
e2/0G8rORT COMM 
>e 


gives joining methods and joint 
: ? MANDY & HARMAN 

design as well as economies that , S H A N DY & H A oe MA N 
exist with Easy-FLo brazing Genera! Offices: 82 Fulton $t., New York 38, M.¥. oo cw 
TOPONTC CAMAOe 


a Se a DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 
send you a copy 
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SANDSTEEL SPRINGS 


GREATER POWER 
MORE CONSTANT POWER 


For Many Applications 


If you are looking for a power spring for any of dozens of 
applications, look to Sandstee] for your needs. Whether your 
application calls for the common spiral spring or the unique 

SANDSTEEL crosscurved spring for either stronger or more 
constant power, Sandsteel can solve your spring needs. 


In its more than 30 years’ history, Sandsteel has 


developed many tools and dies that are adaptable to 


various types of power spring manufacturing. 
The presence of this equipment cuts down 


the tooling costs to the customer when 
Sandstee] handles the job. 


Spiral 
Spring 


is important, specify 


Sandsteel. 


When spring performance 


Crosscurved 


spring in free 


If your spring require- 
ments are for any of 
the applications listed 
below, or similar 
applications, call on 


Sandsteel. 


BALANCERS 
Doors 

Lamps 

Tools 


CAMERAS 
Mainsprings 
Shutter Springs 


ELECTRICAL 
INSTRUMENTS 
Gyroscopic Controls 
Meters 
Potentiometers 
Servo Mechanisms 


JEWELRY 
Belts 
Bracelets 
Pins 


OFFICE MACHINES 
Billing Machines 
Calculators 
Computers 


Portable Tape 
Recorders 
Printers 
Typewriters 


RECOIL STARTERS 
Chain Saws 

Lawn Mowers 
Outboard Motors 
RETURN 
MECHANISMS 
Balance Reels 

Drill Press Quills 
Electric Saw Guards 
Fishing Reels 

Tape Dispensers 
Telephone Dials 
SAFETY DEVICES 
Burglar Alarms 

Fire Alarms 
TENSION DEVICES 
Brush Holders 

Gear Trains 


condition 


Crosscurved 
spring in 


housing 


TIMING DEVICES 
Chart Recorders 
Clocks 

Fuzes 

Parking Meters 
Timers 

Watches 


MISCELLANEOUS 
Toys 
Vending Machines 


Write for free literature 
and case history files. 


SANDVIK STEEL, INC. 


Sandsteel Spring Division 
Fair Lawn, New Jersey 
SWarthmore 7-6200 


In New York: Algonquin 5-2200 


SS-144 


RH NUT 


Thread Size 14-20 & %-16 


WF NUT 
Thread Size 6-32 to 3 


SF NUT 


Thread Size 5/16-18 to 2-13 


OHIO flanged weld nuts provide extra-long 
thread engagement and are ideal for assem- 
They 


can also serve as spacers or bearing surfaces 


blies requiring strong primary fasteners 


where required 


OVER 50 YEARS OF BETTER FASTENING 


Samples and information available upon request 


©) THE OHIO NUT & BOLT CO. 


41 First Avenue e Berea, Ohio 


fit your 
product 
like a glove... 


tHEY FIT electrically designed exact 
requiremer 
the electrical 
the physica 
demanded by your specifications 
Yet, this “‘custom-fitting”’ 
costs no more than ordinary 
relays. Inquiries invited 


THEY FIT mechanically 


THEY FIT economically 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


yer COMPANY 


RELAYS * SOLENOIDS « COILS * SWITCHES * HERMETIC SEALING 


Product Engineering — November 25, 1957 





Our Readers Say.............continued 


the excitement of Sputnik will die 
down. The headlines will scream of 
some other event, and TV comics will 
joke about whatever comes along next 
Nothing will be done. 

How can this be prevented? Simply 
by educating the public. Our free 
dom to educate is a powerful tool 
against Communism and should be 
used. We must be put on the right 
track and educated through the means 
that have misinformed us; the news 
papers, popular magazines and TV. 
This is where industry and science 
should do their part and plead their 
case 

If scientists were today’s celebrities, 
people would be more aware of the 
fact that they aren’t weird people to 
be mistrusted. I’m not suggesting 
that we change the entire content of 
the news. I’m only saying people 
should be made aware of the scientific 
world in the same way they are of 
some female’s measurements or some 
man’s bank account. 

I’m sure that if the American 
public knew the facts and really un 
derstood the scientific world they 
would back research and make the 
national government also get behind 
it. It’s up to industry and informed 
people to get the truth before the 
American people 

-AUDREY INGELSI 


Phoenix, Ariz. 


Lignum Vitae Bearings 
To the Editor: 

Mr. Stanley Abramovitz’ article, 
“Water-lubricated Fluid Bearings Are 
Practical” (Sept. 30, p. 74), was very 
interesting to me. But I do not believe 
Mr. Abramovitz would have used the 
word “practical” if he had visited 
shipyards and had seen outboard pro 
peller bearings 6 to 30 in. or more in 
dia being refitted with lignum vitae 
wood 

Lignum vitae has been used for at 
least a hundred years or more for bear- 
ing material where the lubricant is 
water. And in all cases where there is 
no abrasive in the water, it has given 
very satisfactory service. 

Also, Mr. Abramovitz did not give 
credit to Dr. Kingsbury who invented 
and patented the pivoted-pad thrust 
bearing. 

I know of no large, powered ship 


(Continued on page 203) 


This rotary switch component for an electric range 
proved to be a delayed-action saboteur. The beryllium 
copper from which it was formed was so hard that 
over a period of time it scratched and gouged the 
phenolic cams actuating the switch—to the point 
where the switch would soon become inoperative, 
causing customer complaints and damaging the manu- 
facturer’s reputation. 


A specially-produced phosphor bronze alloy from Miller 
provided a quick and painless solution. Miller experts 
were able to recommend and produce a metal that re- 
tained the high degree of spring tension necessary 
for dependable operation—yet soft enough to protect 
the cams from damage. And, as an extra benefit, the 
manufacturer also found that it formed more easily— 
with far fewer rejects. 


Miller specializes in the expert production of quality 
phosphor bronze—in strip, coiled and flat lengths— 
tailored to your specific needs. Remember: at Miller, 
Phosphor Bronze is the main line—not a sideline. 


THE MILLER COMPANY « MERIDEN, CONN, 
ROLLING MILL DIVISION 


A-mtuied's Cuilily /esphor Dronge 
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the 


MARSDEN 


Pas Watt ababbate mM Cele) ab ahbta _ = 
SPINS ON FREELY | 





LOCKS 
WHEN TIGHTENED P+ 





WManufactaurer of Standard 
and Special*12 Pointer and 
AMeragon VYluts... Huglach™ 
and  Warsden” locknuts 


NATIONAL MACHINE PRODUCTS COMPANY 
UTICA ROAD CHIGAN 





MEYERCORD LICKS TOUGHEST si iidemmeeme 1 
PRODUCT MARKING PROBLEMS! ROLLER BEARINGS EXTENDED 


6.75 TIMES 


New MEYERCORD WITH 
TYPES C, G, J, and H. MOLYKOTE 


Name plate markings designed LUBRICANTS... 
for heat, abrasion, weather 5 is but one example of MOLYKOTE’s 
resistance and new finishes a aga 


Heat ... abrasion... weather 

and many of the new surfaces reduced t the torque required 
are deadly enemies of most 4 bs. tension in threaded connect 
types of product markings. port 24-46 

But not to the new improved ad increase from 3 H.P. to 5 


T.. . worm gears of single reduction 
FREE Meyercord Markings, I'ypes peed reducers. (Field Report 24-41 


MEYERCORD C, G, J and H (heat resistant). increased cycles from 28,000 to 700,000 
MARKING METHOD Depending upon the surface and = hoi brass taper air valves. (Field 
the conditions of use one of these 
brplgeligg it perenne new-type Meyercord Markings raised Oilite bearing life. from 6 to 46 
Meyercord Types C, will, by actual test, almost cer- hours. (Field Report 24-47 % 

Go. & & 0 theet vo tainly solve the problem. For raised life to failure time from 120 to 
Py exact recommendations designed 400 hours on sintered bronze bearings 
reduced wear in 12 hour test from .002 

to .001. (Field Report 43 
MOLYKOTE Field Reports ore filled with 
thousands of these case histories. Write for your 


to give 


We've just published 


sistant) nameplate 
markings, designed to to meet your special require- 
meet the challenge of ments, drop us a note outlining 
the most difficult sur- the problem, along with an actual 
faces. For your free sample of the surface. This serv- 
copy, please write on ice is offered without obligation 
‘company letterhead. of any kind, 


copies but be sure to mention your applica- 
tion 


Dept. M318 THE ALPHA MOLYKOTE CORP. 
THE MEYERCORD ¢co. 5323 W. Lake St. Main Factories: 65 Harvard Avenue, Stamford, Conn. 
Mb bi he ‘Dr t- . Ws, bacilli Chicago 44, i 71 Arnulfstrasse, Munich 19, Germony 
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Our Readers Say continued 


that does not use the Kingsbury thrust 
bearings with wonderful succe 
, r 1 1 > Tater EXTENSION 
Therefore, the article, Water : adh 
lubricated Fluid Bearings Are Prac 
tical,”’ is a littl ut of date for me 


Mito C. CAuGHREAN 


ranciscee 


ANTI-BACKLASH 
MOTION TRANSMITTER 


ED n his orginal manu t Mr 
Abramo led 


LONG RUNNING 
MOTOR 


CONSTANT- 


_ 
PRESSURE ’ 
BRUSH ‘ 
SPRING 
3 i ‘ 


NEG ATOR MOTOR COUNTERBALANCE 


ARE YOU UP-TO-DATE ON THE NEG ATOR 
The First Practical Constant-Fore Spi ing 


- 
— 


Impossible Fasteners 


lo The Editor: 
| i the July 


—} — 
ann) A) 


———— 


' 
' 
; The NEG/ATOR Sketchbook 
' 
' 
' 


STEPHEN GERYLO 


ial Height () 


THE HUNTER 
te Brn 


constant-force spring 


HUNTER SPRING COMPANY 
10 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS « STAMPI? S *« TES 








D.0.James 
GEARMOTORS 


RIGHT ANGLE GEARMOTOR — Horizon- 
tal or Vertical Drive, 8 sizes, ratio 6:1 
to 100:1, 44 to 30 horsepower 


IN-LINE GEARMOTOR — Horizontal or 
Vertical Drive, 37 sizes, ratio 9.2:1 to 
1200: 1, 1 to 75 horsepower, 


‘Te D.O.James Gearmotors 
are of the same construction 
and high quality as the indi- 
vidual Gear Speed Reducers 
which we have been producing 
for so many years. 

They cover a very wide range 
of ratios, horsepowers, and are 
an ideal, compact, efficient unit 
for many power and space-sav- 
ing installations. They are de- 
signed and built by an organi- 
zation that has been engaged 
in the manufacture of Gears for 
70 years and that has success- 
fully pioneered the Gear Speed 
Reducer to its present-day high 
standards. 


D.0.JAMES 


GEAR MANUFACTURING CO. 


1140 W. Monroe Street, Chicago, Illinois 


Stace 1853 


MAKERS OF EVERY TYPE OF GEAR 
AND GEAR SPEED REDUCER 


SEND FOR CATALOGS 


Catalogs, price lists and selection tables cov- 
ering geor speed reducers and gearmotor 
speed reducers ore available to power trans- 
mission engineers. Please request on company 
Letterhead — we'll mail your copy at once. 











PREVIEWS 


Lab to Establish 
Electrical Standards 


electrical standards lab has been 


\s part of a general expansion 


tablished by Humphrey, Inc 
Diego — manufacturer 
chanical instrument 
receriaes lab will maintain 
f all electrical test instrumet 
engineering development, p 
ind inspection departments 
I'he newly-formed section, 
from all other plant activities, 
calibrate electrical instrument 
comparison with suitable “stand 
instruments.”” Design and locatior 
sures a clean atmosphere, 
free environment, and a relati 
bient temperature. All 
ities that would affect stability 


curacy of precisio ectrical 


stant am 


ments 


Powdered Metal 
Fabricators te Expand 


Chicago Powdered Metal Products 
Co., Schiller Park, Ill. fabricator of 
powdered metal parts, is expanding 

plant and equipment. The expan 
sion will provide molding presses 
to 300 tons that will accommac 
powdered metal parts to 15 in 
Cost of expansion is estimated 
$150,000, and is planned for compl 


tion by the first of the year 


Crucible Steel Lab 
for Syracuse 
An applied research lab will be es 


tablished by Crucible Steel Co. at its 
(Continued on page 207) 
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FREE TEST SAMPLES 


Show How 


MINI- 
MITE 


miniaturized 


SET SCREWS 
CUT YOUR COSTS! 


ACTUAL 
SIZE 


Blowup show's precisson 
made MINI-MITE Set 
Screws with per 
formed bead 

oe “re easy n” 

of driving tool 


For miniaturized applications 
Setko MINI-MITE Set Screws can 
cut your costs in tour mportant 
ways. Reduces initial cost, no extra 
charges are incurred 
special design. Increase produc 
feon rates becawse MINI-MITES 
made with Watch makers pre 
threads mesh 
rt perfectly, Cut 
ts in sub or final assembly 


because of 


of consistent 
lity. Immediate avatlab 
Slotted Socket and Socket 
types in sizes #0. #1, # 
ind in a wide selection of metals 
finishes, lengths and points to 


choose from 


FREE TEST SAMPLES 
Send Today for your Free test 
samples of MINI-MITES or send 
your specifications and we will 


send samples 


WRITE FOR 
CATALOG 21 strike 
describing the 
ymipilete 
Setko line 


san 
& h4fg.Co. 


158 Main Street 


2. Bartlett, Illinois 





- November 





Anew JEFFREY CHAIN 
fora new Lima Shovel 


NTRODUCED at the 1957 Road Show, this 
Baldwin-Lima-Hamilton 3-yard shovel got 
lots of well-earned attention. It’s a husky giant 
with many unusual features. For example, it can 
be knocked down into units of less than 60,000 
pounds for easy haulage. 
Less unusual is the fact that the main drive is 
through Jeffrey chain. A new design, to be sure, to 
suit the needs of this new shovel, but Jeffrey chain 
is standard on many Lima crawler drives—proved 
dependable for this gruelling, demanding service. 
Jeffrey makes chain, attachments, sprockets 
and accessories in types and sizes to meet every 
service requirement—for power transmission and 
conveying. Standard components are carried in 
stock for your convenience at handy locations. 
The Jeffrey Manufacturing Company, 788 North It takes husky chain to transmit the horsepower for this 
Fourth Street, Columbus 16, Ohio. shovel’s main drive 


mone LP > 


(UJEFFREY 


CONVEYING + PROCESSING + MINING EQUIPMENT... TRANSMISSION MACHINERY CONTRACT MANUFACTURING 
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‘Sentry Pedestal 


with the Mi/sco 
LIFTI-N-THT Feature 


Seat 


Operators like the Milsco 
patented “Lift-N-Tilt” 
feature of the “Sentry” 
seat. The spring-action 
lever allows for quick 
tilt adjustments. Com- 
plete with fore and aft 
adjustments also. 


2756 N. 33rd St., Milwaukee 45, Wis Ss 





SWIVEL ACTION 
BACK REST 


LEATHER COVERED 
FOAM RUBBER SEAT 


Ns 
FORE AND AFT 
ADJUSTMENT 


fe Al 


LIFT-N-TILT 
ADJUSTMENT 


ee Aw mee Oe 
VERTICAL 





where your 
seating dollar 


goes farther 


ADJUSTMENT 
VF MEI Te 


SWIVELS TO FOUR 
A, 90° POSITIONS 


(OY 


oe IK 
él 


jf 


/ 


The Milsco “Sentry” 
Seat, truly the most 
versatile pedestal seat 
on the market, provides 
for maximum riding 
comfort and gives that 
extra sales appeal that 
has made the “Sentry” 
the “accepted” pedestal 
seat for panel trucks, 
cranes and shovels and 
other types of mobile 
equipment. 


| 
| 
\ 
pois 





Stee: 


SAFEGUARD 
YOUR GAGES 


WITH 
REPUBLIC PROTECTORS 


PROTECT your expensive gages from 
damage with Republic Gage Protectors 
and Pressure Snubbers 
Fluid hammer, chattering check valves, 
and severe pressure fluctuations can 
cause extreme shock, and damage gages 
Pressure Snubbers absorb shock and 
permanently protect gages against 
damage from wild fluctuations, with 
out affecting accuracy 
Adjustable Gage Protector illus 
trated) automatically cuts out gage 
when system pressure 
above gage range, 
opens when pressure 
Two types—ranges 15 
psi; 3 to 50 psi 
Working pre 
psi 

Ask for catalog 6544 


Distributors in principal cities co 


CHECK RELIEF PLUG 


% 


“ 


REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD « CLEVELAND 11, OHIO 





VELLUMOID 
for Vital 
Sealing Jobs 


Because of Vellumoid’s long ex- 
perience in manufacturing the 
exact gasket for so many various 
jobs, design engineers specify 
Vellumoid Mate rials to be sure. 
The Vellumoid sales engineer in 
your territory will gladly work 
with your design group to be 
sure you get the correct gasket 
every time. 


Specify Vellumoid Materials 
for a perfect seal! 


THE — COMPANY 











Press Previews continued 


Sanderson-Halc¢ 
N. Y. It will be 


ity, Operating a 


ible’s centra earch am ) ti ; , 
ment Dept in Pittsburgh cting as . 
enter for experimental and develop | ; eX 


to 


mental re 


=r reste | Moy WIRE CLOTH 





New Plant for 
New Plastic 


strength, 
dimensional 


deformat 


Lab Gives Push 


to Urethane ; 
a Our special business is specials ... special fabricated wire 
utomat l ent oe . . 
A pe cloth parts made to your specifications. We save you time, 
ror molding Cushions of urethane foam 
} } 


has been demonstrated at Du Pont’s we save you overhead, we save you production worries. And, 
(Continued on page 208) you get a better part at a lower cost. 





We weave our own cloth... your guarantee of quality com- 
ponents. We are fully equipped to do all necessary cutting, 
shaping, fitting, welding, soldering, punching, binding, etc. 


For more information on this “One-Stop” Wire Cloth Parts 
Service, send for our latest Parts Catalog. 


NEWARK ewark 
fe*accuracy RoR ire Cloth 


COMPANY 
351 VERONA AVENUE » NEWARK 4, NEW JERSEY 
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siete. tai, 


@ A young man looks for high ten- 
sile strength, corrosion-resistance and 
close tolerances ... especially if he is 
a design engineer who plans to incor- 


porate the spring in his own machinery. 


@ When you require springs, con- 
sult the spring engineers at John 
Chatillon and Sons. They have over 
120 years of experience in designing 
and manufacturing all types of springs 
and they can solve all your spring 
problems. 

Send specifications and blueprints to 
Department D-1. 


JOHN CHATILLON & SONS 


85 CLIFF STREET, NEW YORK, N.Y. 


Manufacturers of Precision Springs and 
Force Measuring Instruments Since 1835. 





OR YOUR MONEY BACK! 


Write for free literature and service 
data sheets or send prints and conditions of operation 


for recommendations and quotations. No obligation. 


rue Amorcan Crueithfe propucts co. 


1317 Oberlin Avenue 


Lorain, Ohio, U.S.A 








Press Previews ....continued 


new urethane foam lab in Wilming 
n. Del. The new $500,000, 6,000- 
q-ft lab has been built to help cus- 
mers evaluate equipment and tech 
niques used in manufacture of ure 
thane foam products. It is an addition 
to the product development labora- 
f Du Pont’s Elastomer Chemi- 
Department 


Transistor Boom 
Spawns New Firm 


Fairchild Semi-Conductors orp 
been formed in Palo Alto, Calif. 
and produce silicon dif 

and other semi-con 

irst products to be offered 
high-speed computor tran- 

be followed by transistors to 

rve vhf power oscillators, vhf ampli- 
ind very high power applications 


frequen¢ les 


Million-dollar Magnetic 
Tape Plant Coming 


A plant designed specifically for 
magnetic tape manufacture will be 
built in Danbury, Conn. by Reeves 
Soundcraft Corp., New York and Los 
Angeles. Tapes to be manufactured 
vill range from those used to receive 
information from U.S. earth satellites 

» those for high fidelity recording. 

he 50,000-sq-ft plant, scheduled for 

ympletion in mid 1958, will cost over 


million, will employ about 150 





SAK y- 


your promotion to Chief De- 

7 ” 
f a corner office, Wali-to-wali 
monogrammed tranquilizing 
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Index of 


PRODUCTS ADVERTISED 


Actuators 
Mechanical 
Adhesives 
Aluminum Alloys 
Aluminum Coated Sheet 
(see Steel, Coated) 
Axies 


and Strip 


Bars 
Metal 2 
Bearing Materials 
Bearings 
Ball 13, 36, 42, 127, 
161, 169, 181, 


70 


Miniature 
Needle 
Roller 13, 
Self-Lubricating 
Sleeve 
Belts, Timing 
Belts, V 
Bi-Metal 
Books 
Brakes 
Electric 
Brass 
Brazing 
Alloys 
Bronze 
Bushings 
Bushings, 


24-25, 42, 138, 


Strain Relief 


c 


Cam Followers 
Capacitors 
Castings, 
Chains 
Conveyor 
Roller 
Silent 
Chemical 
Cleaners, 
Clutches 
Electrical 
Mechanical 
Coatings 
Connectors 
Electrical 
Contacts & 
Controls 
Electrical 
Electronic 
Hydraulic 
Mechanical 
Copper & Copper Alloys 
Couplings (see Connectors, Electric: 
Couplings 
Hose 
Hydraulic 
Mechanical 
Tube 
Cylinders 
Hydrauli 


Precision Investment 


20-21, 
20-21, 


156, 
156, 


185, 
185, 


Treatments 
Metal 


20-21, 136, 150, 


164, 


173, 
180, 


Contact Materials 


D 


Decalcomanias 
Die Castings 
Discs, Clutch & 
Drafting 
Machines 
Supplies 
Drives 
Adjustable Speed 
Mechanical 
Right-Angle 
Variable Speed .20-21 


45, 62-63, 137, 
Brake 


160, 172, 


Engineering Services 
duction Services) 
Engines 
Expanded Metals 
Extrusions 
Metallic 
Non-Metallic 


also Pro- 
32, 47-50, 


(see 
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In This Issue 


Fabricated Plastics 
Fabricated) 
Fabricated Steel (see Plate, Fabr 
cated, Sheet Fabricated, Structural! 
Forms & Shapes, see Weldments) 
Fastening Methods 68 
Fibre 60 
Filters 
Air 
Hydraulic 
Fittings, Hose, Pipe & Tube 
Flexible Couplings 20-21, 
Flow Regulators 
Forgings 
Friction Materials 
Furniture, Engineering Dept 


See Plastics 


51, 
46 


147, 
174, 
18-19, 163 


22-23, 


G 


Gaskets 

Gear Motors see also Motor 
ducers 47-50, 134, 160, 165, 

Gears 6, 


Re 
172 
153, 


Hard Surfacing 
Heating Units 
Hose & Tubing 


Lamps, Indicating 

Laminated Plastics 
Laminated) 

Lubricants 


see Plastics, 


.164, 


M 


Magnesium Al 
Magnets 
Metal Bonded to Plastic 
Moldings 
Plastics (see Plastic 
Powdered Metal see 
Metal Parts) 
Rubber (see Rubber Parts) 
Motor Reducers (see also Gear 
Motors) 47-50 
Motors, A-C 
Fractional 52, 57, 
Integral 
Motors, D-C 
Fractional 
Integral 
Motors, Hydraulic 
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Parts) 
Powdered 


165 
168, 


160, 
52, 


47-50, 52, 57, 
47-50, 52, 


165, 
168, 
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Nuts 


Pilates 
Alloys 


Phospher Bronze 
Pillow Blocks 
Pilot Lights 

Pipe 

Plastic Parts 
Plastics 

Plastics Fabricated 
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Plates 

Plugs 

Powdered Metal 
Power Take-offs 


116, 

16-17, 58-59, 
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Resistors 
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Rheostats 
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Metall 
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Screws 
Screw Thread 
Sealants 
Seals 
Seating Work Equipment 
Shapes, Rolled F 
Sheaves 
Sheets 
Metal 
Plastic 
Silver Alloys 
Solenoids 
Spacers 
Specialty Fasteners Pipe 
Special Cold Headed Parts 
Speed Reducers 2nd C 
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Spindies 
Splines 
Springs 
Sprockets 
Stampings 
Stee 

Alloy 

Coated 

Stainless 
Strip, Metall 
Structural Forms & 
Switches 
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Timers 
Timing M 
Transformers 
Tubing 
Fiexible 
Plastic 
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stats 
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Metal 
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Vaives 
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Hydrau 
Solenoid 
Vibration Damper 
Mechan 2 
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Washers 

Washers (see Pa 

Wear Materials 

Welding 
Equipment 
Nuts 
Supplies 

Weildments 

Wheels 

Wire 

Wire Cloth 

Wire Forming 
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DEVELOPMENT 
ENGINEERS — 


A challenging 
opportunity 


to create 


Mechanical and Electrical 
Engineers with three to seven 
years of experience are offered 
a challenging future with a 
small growth company. 


Responsible engineering posi- 
tions exist in the machine 
design and development of 
Xerograp! ic equipment. Xerog- 
raphy, a process for forming 
and using electrostatic images, 
is widely used in the copy 
ing and duplicating field, has 
virtual] unlimited applica- 
tions in automatic data proc- 
essing, photography, office 
equipment, engineering draw- 
ing systems and interesting 


military applications. 


Assignments are largely of 
the electro-mechanical type 
with a variety of optical, light- 
ing, and electrostatic problems. 


¢ Comprehensive Employee 
Benefit Program 


¢ Exceptional Tuition Refund 
Program 


e Ideal living and 
recreational area 


Kindly send resume and salary requirements to 


FRED A. WETERRINGS 


Industrial Relations Division 


THE HALOID COMPANY 


2-20 Haloid Street 
ROCHESTER 3, NEW YORK 


SEARCHLIGHT SECTION 


ssified Advertising 


EMPLOYMENT: 
BUSINESS: 


UNDISPLAYED 


pe 


OPPORTUNITIES’ 


————RATES——_—— 


Send New Ads or Inquiries to Class. Adv. Div. of Product Engineering, P.O. Box 12, 8.Y 


-EQUIPMENT 
‘USED OR RESALE 


DISPLAYED 


” Wanted r S i 


t OPPORTUNI 
Agency ( 








expected. Replies strictly confidential. 


APPLICATION ENGINEER 


Prominent heavy machinery manufacturer. located Midwest, has excellent oppor- 
tunity for man with at least three years experience in internal combustion engine 
application engineering as related to fluid flow design of cooling water, lubricating 
and fuel oil, and air piping in power plants. Must have ability to calculate size of 
auxiliary pumps, coolers and so forth. Some knowledge of machine design and 
engineering mathematics essential. Must be able to handle all application engi- 
neering required by engine contracts. Write, stating age. experience and salary 


P-6602, Product I 
N. Michigan A\ 








USED TEST EQUIPMENT 


Hydraulic Test Stands, Salt Spray Cabinets, Alti- 
tude Chambers, Vibration Tables, Torque, Impact, 
Tensile and Compression Testers, Gauges, Flow 
meters, Vickers and Denison Pumps 

Your Surplus Test Equipment WANTED 


A & J MACHY CORP. 
1267 Flushing Ave Bklyn, N. ¥ Hy 7-0729 














REPLIES (Bow N 
o This publication Classified Adv. Div 
NEW YORE: P. O. Bow 12 (36) 
CHICAGO: 520 N. Michigan Ave 11) 
SAN FRANCISCO: 68 Post St ) 


Addresa to fice nearest 








SELLING OPPORTUNITY OFFERED 


Specialty Bearing Manufacturer needs sales 
reps for expanding sales program. Well es 
tablished quality firm. Key territories oper 
Ann Arbor Bearings, 815 Wildt, Ann Arbor 
Mich. 








An 
Investment e 


Productive advertising is an 
INVESTMENT rather than 
an EXPENDITURE. 
“Searchlight” advertisers al- 
most invariably report prompt 
and satisfactory results. 

BE CONVINCED—send us 
your advertisement TODAY. 


Address 


Classified Advertising Division 


PRODUCT ENGINEERING 
P. O. BOX 12 
NEW YORK 36, NEW YORK 








SUPERVISORY 


AND 


CUSTOMER 
CONTACT OPPORTUNITY 


Mechanical, Electrical or Industrial 
Engineers with 3 to 7 years expe- 
rience needed for supervision of 
Quality Control Functions which 
will include Liaison work with cus- 
tomers. Some travel anticipated 
which may increase over a period 
of years 

Assignments relate to production of 
equipment and supplies for xerog- 
raphy, a process for forming and 
using electrostatic images. This 
process has virtually unlimited ap- 
plications 

Position demands good appearing, 
personable, tactful individual with 
a broad engineering background 
Operations are in Rochester, New 
York, an ideal living and 
tional area 


recrea- 


Kindly submit resume and salary re- 
quirements to 


FRED A. WETERRINGS 


Industrial Relations Division 


THE HALOID COMPANY 


2-20 Haloid Street Rochester, New York 











YOUNG ENGINEER 


Two or more years experience with electro-mechani. 
cal control devices and design. Bachelor of Science 
degree in Electrical Engineering from accredited 
college or university required. Salary open Write 
personnel director 


AUTOMATIC VOTING MACHINE CORPORATION 
Jamestown, New York 
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NEW: Formsprag 


Now available—the new series “B” and 
= Formsprag Ball Bearin Sealed 

| fo! : ial Ss 4 Clutches designed for bac kstoppin 
Sea Ss c This 3 tf indexing and low speed over-Trunning 
where inner race over-runs. 


The “B” is intended for over-running 
applic ations where both races rotate dur- 

Relea 4 LUBRICANT IN ing some portion of the operating evele. 
The “C™ series should be selected if the 
application is one of indexing or if the 
outer race is to be fixed, as in a bhack- 
stopping application. 


Available in bore diameters ranging from 


214” to 514”. these new clutches have 


t 


torque capacities from 1875 to 11.600 
ft.-lbs. So you get unusually compact 
power transmission, the ultimate ac- 
curacy, and exceptionally long servic 
life. What's more Formsprag clutches 
may be reconditioned twice before obso- 
lescence at a fraction of the cos 

new clutch. 


CHECK THESE CAPACITIES 


SEALS DIRT OUT 


WHY IT PAYS TO DESIGN “THE FORMSPRAG PRINCIPLE” INTO YOUR PRODUCT 


MORE 
INFORMATION ? 


Over-Running, Indexing and Backstopping Clutches for aircraft, automotive and various industrial applications 


FORMSPRAG COMPANY 


ote bee 23607 HOOVER ROAD, VAN DYKE (DETROIT), MICH 
World’s largest exclusive manufacturer 


of over-running clutches. Distributors in 
principal cities. 
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how to eliminate gaskets and reduce friction 
to improve design of a pipe mounted valve 


O-rings and QUAD*RINGS made by 
minnesota rubber 


minnesota rubber 0-RING 








minnesota rubber QUAD RING 


RIVETT, Inc., famous manufacturer of hydraulic valves 


their Series 5000 pipe moun alve to prov ide the 
simple, smooth, leakproof operation. A special floating pisto» 
incorporated in the desig1 the valve. This exclusive feat 
eliminated sticking or binding by keeping the valve stem 
de} pendent of the bore. To provide a stem seal that would ¢ 


redt ice friction, RIVI * chose the Minnesota Rubber Ol AD 
RING. This exclusive seal provided a perfect seal with much 
squeeze making operation easier. To obtain design simplicity, 1 
ion and longer life, gaskets were eliminated 
replaced by Minnesota Rubber O-Ring cover seals. This combina- 
tion of advanced design elements and Minnesota Rubber Seals 


permits:multi-million cycle operation at 1500 PSI. 


’ 


eincient opera 


What Minnesota Rubl seals offer you. An exclusive injection 

molding process means thi it * Mi nn¢ sota Rubber QUAD RING > 

O-Rings and other rubber parts are denser and tougher. Their 

tremendous uniformity and strength mean greater dependability, 

longer life. Qui ings give you 4-lip sealing action, seal at less 

than 1 PSI, require only 60-100 micro-inch groove finish and elim- 

inate “‘spiral twist.” Minnesota Rubber O-Rings are available to 

you with tolerances as close as + .002”", cost as little as ordinary Free samples and data. A 
O-Rings and are produced with no flash or other imperfections that > ta Rubl 
require trimming. An enormous selection of standard sizes assure pee 
immediate delivery. :, 


Note: QUAD RING is a Trade Mark of the Minnesota Rubber & Gasket Co. 


minnesota rubber and gasket company 
Originators of modern rubber injection molding. 
Dept. 204, 3630 Wooddale Ave., Minneapolis 16, Minnesota; Phone: WEst 9-6781 





WHATEVER THE APPLICATION 


you can improve your product with 


GRAMIX 


(PRODUCT OF POWDER METALLURGY) 


PRECISION FINISHED PARTS 


GRAMIX precision finished parts are improving products in 
virtually every branch of industry. A pump manufacturer, 
for instance, may specify a gasoline pump rotor made 


of GRAMIX and gain a number of advantages. 


To begin with, the alloys are carefully blended to meet 

his individual requirements. The GRAMIX parts are then 

die presse d to exact shape, sintered under rigid control Hardened steel drive 
and finished to tolerances as close as .0OOS”. sprocket for lawnmower 
(This process, of course, costs far less than machining, 

forging or casting.) The manufacturer can expect the 

GRAMIX gasoline pump rotor to do a better job because 

all GRAMIX parts are precision engineered and precision 


controlled from alloying to finishing Iron switch control 


No matter what the application may be, GRAMIX parts 


fit specifications exactly. Parts may be impregnated 


in which GRAMIX precision parts have proved to be 


ideal. Just a few of them are shown here, so consider 


a ee  ~ 
with oil... to insure a longer life and a quieter operation: oo. 
if specified, the GRAMIX parts may be coined and work Re 
hardened, even prepared for plating. a 
The rotor is only one of thousands of applications a 
: f ; 


the components of your products .. . there may be several Rotor for gasoline pump 
that could be improved ... with GRAMIX! Products 


of powder metallurgy you can rely on. 


Packing gland follower used 
in hydraulic system 


Write today for factual 
Engineering Bulletin No. 21 


. we'll send your copy. 


ble ie Bronze rotor in high 
vo speed fueling unit 


MEMBER 


X-245-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
GRAPHITAR® cARBON-GRAPHITE © GRAMIX® powDERED METAL PARTS © MEXICAN® GRrapniTe Products © USG” Busnes 





